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THE    USE   OF  ARTIFICIAL    HEAT    IN    CURING 
CIGAR-LEAF  TOBACCO. 


INTBODUCnON. 

The  term  "  curing."  as  applied  to  tobacco,  is  sometimes  used  to 
include  all  of  the  processes  to  which  the  leaf  is  subjected  after  it  has 
been  harvested  in  preparing  4t  for  the  manufacturer.  There  are 
thus  included  three  more  or  less  distinct  processes,  namely,  .the  cur- 
ing proper  (frequently  spoken  of  as  "  barn  curing  ") ,  the  fermentation 
process,  and  the  aging  process.  The  term  as  used  in  this  article  re- 
lates only  to  the  first-mentioned  process,  in  which  the  tobacco  is  pre- 
pared for  fermentation. 

In  general,  it  can  be  said  that  the  cigar-tobacco  industry  has 
reached  a  high  plane  of  development  in  this  country.  In  some  sec- 
tions at  least,  highly  intensive  methods  are  applied,  tlie  soil  is  heavily 
fertilized,  the  most  approved  cultural  methods  are  used,  and  the 
growing  crop  from  beginning  to  end  receives  the  closest  attention. 
Nevertheless,  the  methods  of  curing  this  type  of  leaf  now  in  use  must 
be  regarded  as  crude  when  compared  with  those  followed  with  some 
other  types,  notably  the  bright  flue-cured  tobaccos,  notwithstanding 
the  fact  that  with  this  latter  type  the  general  cultural  methods  are 
far  from  satisfactory.  It  is  true  that  great  progress  has  been  made 
in  the  construction  of  bams  for  curing  cigar  leaf  and  many  of  those 
now  in  use  in  the  wrapper-growing  sections  are  models  of  perfection, 
but  the  method  of  curing  which  has  been  in  almost  universal  use  in 
sections,  growing  cigar  tobacco  is  air  curing;  that  is,  no  artificial 
heat  is  used  during  the  progress  of  the  process.  As  a  result  the  pre- 
vailing conditions  in  the  cnring  barn  are  more  or  less  subject  to  all 
the  variations  of  the  outside  weather  conditions  and  good  curing  is 
largely  a  matter  of  chance.  Furthermore,  the  fact  that  there  has 
Iteen  no  satisfactory  means  of  controlling  the  conditions  in  the  curing 
bam  has  made  it  impossible  for  growers  to  make  much  progress  in 
learning  just  what  these  conditions  should  be  in  order  to  secure  the 
best  results  in  curing. 

The  growers  of  western  Florida  have  long  followed  the  practice  of 

utilizing  open  fires  made  on  the  floor  of  the  bam  for  reducing  the 
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8  UBE  OF  ARTIFICIAL  HEAT  IN   CURING  CIGAK-LEAF  TOBACCO. 

excessive  moisture  during  wet  or  cloudy  weather.  This  procedure, 
which  has  been  more  recently  applied  in  connection  with  the  growing 
of  wrapper  leaf  under  artificial  shade,  effectually  prevents  injury 
from  the  disease  known  as  pole-sweat.  Charcoal  and  well-seasoned 
wood  are  used  as  fuel,  the  fires  being  so  managed  as  to  produce  as 
little  smoke  as  possible.  More  recently  open  charcoal  fires  have 
come  into  extensive  use  in  the  Connecticut  Valley  in  connection  with 
the  shade-tobacco  industry,  having  been  introduced  by  Mr.  M.  L. 
Floyd,  of  the  Connecticut  Tobacco  Corporation.  With  these  excep- 
tions, however,  it  is  only  in  rare  instances  that  artificial  heat  is  re- 
sorted to  in  curing  cigar  tobaccos. 

CHAHQES    IN     THE    PBOPBBTIES    AND    COKFOSmON     OF    THS 
TOBACCO  LEAP  WHILE  CTTBINO. 

That  the  properties  of  the  tobacco  leaf  are  greatly  clianged  in  the 
curing  is  well  known  to  every  grower,  but  the  changes  in  composition 
which  thus  alter  these  properties  and  the  necessary  conditions  for 
bringing  about  these  changes  are  little  understood.  The  leaf  when 
harvested  cmitains  from  70  to  80  per  cent  of  water,  the  greater  por- 
tion of  which  is  lost  by  evaporation  during  the  curing.  Nevertheless, 
curing  involves  much  more  than  the  mere  drying  of  the  leaf,  for  a 
leaf  can  be  completely  dried  in  a  few  minutes  by  applying  sufficient 
heat  and  such  a  leaf  does  not  show  the  prdperties  of  cured  tobacco. 
In  addition  to  the  loss  of  water  there  is  a  marked  loss  in  weight  of 
other  constituents  of  the  leaf,  usually  amounting  to  15  to  30  per 
cent  of  the  weight  of  the  cured  product  Thus,  a  hundred  pounds  of 
green  tobacco,  containing,  say,  75  pounds  of  water,  will  lose  4  to  7 
pounds  of  dry  mutter  in  curing,  in  addition  to  losing  more  than  70 
pounds  of  the  water. 

It  is  not  necessary  to  enter  into  a  consideration  of  the  exact  char- 
acter of  the  changes  involved  in  the  loss  of  dry  matter,  but  it  can  be 
easily  demonstrated  that  these  changes  are  dependent  on  the  activities 
of  the  living  cells  of  the  leaf.  If  a  green  leaf  be  killed  with  chloro- 
form, heat,  or  other  means,  such  a  leaf  can  not  be  cured.  Curing,  in 
fact,  consists  essentially  in  subjecting  the  living  leaf  cells  to  a  process 
of  gradual  starvation  under  proper  conditions.  The  loss  in  dry  • 
matter  represents  largely  the  material  consumed  by  the  cells  in  an 
effort  to  maintain  life  as  long  as  possible  and  is  analogous  to  the  loss 
in  weight  of  animals  undergoing  starvation.  The  evidence  of  these 
changes  in  composition  brought  about  by  the  starvati(m  and  final 
death  of  (he  leaf  tissue  consists  in  the  change  of  the  green  color  to 
yellow  and,  finally,  to  hrown,  the  change  in  texture  and  the  develop- 
ment of  elaajicity.  and  other  pru|»erties  of  cured  tobacco. 
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THE   NBCESSABT   C0NDITI01I8   FOB  OOOD   CUBING. 

It  ia  quite  possible  to  dry  the  tobacco  leaf  without  curing  it,  and  it 
is  also  Urgely  possible  to  cure  the  leaf  without  drying  it.  The  two 
processes  may  or  may  not  go  hand  in  hand,  depending  on  whether 
the  existing  conditions  favor  both  processes.  Tn  practice  the  problem 
is  to  dry  the  leaf  under  such  conditions  as  will  best  develop  the  de- 
sirable qualities  of  cured  tobacco.  It  is  to  be  remembered  that  if  the 
Uving  cells  of  the  leaf  are  killed  prematurely  the  curing  is  stopped 
once  for  all,  although  the  drying  may  continue.  Under  ordinary 
conditions  the  leaf  is  hilled  by  the  loss  of  water,  so  it  is  essential  that 
too  rapid  drying  be  avoided  in  order  to  afford  an  opportunity  for  the 
curing  changes  to  take  place.  On  the  other  hand,  if  the  drying  is  too 
slow  or  is  delayed  too  long  the  curing  proceeds  too  far.  The  rate  of 
drying  is  therefore  one  of  the  principal  factors  in  good  curing. 

In  addition  to  loss  of  water,  the  leaf  cells  may  also  be  prematurely 
killed  by  excesMvely  low  or  high  temperatures  or  by  mechanical  in- 
jury, such  as  bruising  the  tissue  in  harvesting.  No  portion  of  a  leaf 
which  is  prematurely  killed  by  these  or  other  means  can  be  success- 
fully cnred.  It  follows  that  tobacco  which  is  subjected  to  frost,  freez- 
ing temperatures,  or  too  high  temperatures  when  artificial  heat  is 
applied,  especially  in  the  first  stages,  can  not  be  properly  cured. 

Aside  from  the  premature  killing  of  the  leaf  tissue  by  extremes 
of  heat  or  cold,  the  temperature  plays  a  very  important  part  in 
affecting  the  rate  of  curing.  The  curing  proceeds  very  slowly  or 
is  stopped  completely  at  temperatures  below  60°  F.,  while  the  dry- 
ing may  go  on  rapidly  if  the  air  entering  the  bam  is  dry;  in  other 
words,  the  leaf  under  these  conditions  is  likely  to  dry  without  curing. 
On  the  other  hand,  curing  proceeds  very  rapidly  at  80°  to  100°  F., 
while  the  rate  of  drying  can  be  controlled  hy  regulating  the  humidity 
in  the  bam. 

It  will  thus  be  seen  that  the  necessary  conditions  for  good  curing 
are  that  the  tobacco  be  placed  in  the  barn  in  sound  condition,  that 
the  temperature  he  kept  sufficiently  high  to  allow  the  curing  changes 
to  proceed  normally,  and  that  the  rate  of  drying  be  controlled  by 
regulating  the  humidity  so  as  to  avoid  either  too  rapid  or  too  slow 
drying.  The  matter  of  properly  regulating  the  humidity  in  the 
curing  bam  is  discussed  in  the  succeeding  paragraphs. 

POLE-SWSAT,    OB  POLE-BTTBH. 

Pole-sweat,  or  pole-burn,  which  is  so  well  known  in  those  tobacco- 
producing  secticMis  where  artificial  heat  is  not  used  in  curing,  is  one 
of  the  results  of  too  slow  drying  in  the  more  advanced  stage  of 
curing.  Pole-sweat  is  nothing  more  than  the  rotting  or  decay  of  the 
leaf  and  is  analogous  to  the  ordinary  decay  of  organic  matter  of 
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either  atitmal  or  vegetable  origin.  It  is  important  to  understand  this 
fact  fully,  for  it  renders  it  an  easy  matter  to  recognize  the  stage  of 
the  curing  when  pole-sweat  is  to  be  looked  for  and  points  clearly  to 
the  proper  remedy.  The  decay  of  the  leaf  is  due  to  micro-organ- 
isms, or  "germs,"  which  are  active  only  at  moderate  temperatures 
and  in  the  presence  of  an  abundance  of  moisture.  There  will  be 
little  or  no  pole-sweat  so  long  as  the  temperature  remains  below  60° 
F.  or  the  relative  humidity  is  less  than  85  per  cent. 

It  is  also  important  to  remember  that  these  organisms  feed  only 
on  dead  or  dying  tissue.  So  long  as  the  leaf  tissue  remains  alive 
there  can  be  no  pole-sweat.  Under  ordinary  conditions  the  appear- 
ance of  the  yellow  color  on  the  leaf  indicates  that  the  cells  are  reach- 
ing the  dying  stage;  hence,  this  is  the  stage  where  pole-sweat  is  to 
be  expected.  It  is  sure  to  develop  if  the  temperature  is  warm  and 
if  the  humidity  in  the  bam  is  high.  It  will  be  seen  that  the  most 
favorable  conditions  for  curing  are  those  which  lead  to  pole-sweat, 
but  it  is  also  true  that  the  real  curing  is  practically  completed  when 
the  stage  for  pole-sweat  is  reached,  and  these  facts  open  the  way  for 
a  simple  remedy  against  the  disease. 
■  i  Most  growers  are  familiar  with  the  so-called  "strutting"  of  the 
leaf  as  a  forerunner  of  pole-sweat,  which  is  a  stiffening  of  the  midrib 
and  veins,  causing  the  previously  wilted  leaf  to  stand  out  somewhat 
like  an  opened  umbrella.  This  strutting  has  no  direct  connection 
with  pole-sweat  except  that  both  are  due  to  the  same  cause,  namely, 
excessive  humidity. 

Stem-rot — that  is,  decay  of  the  midrib — is  also  likely  to  appear  in 
the  later  stages  of  the  curing  when  the  drying  is  checked  by  excessive 
humidity.  This  trouble  is  more  common  when  the  tobacco  is  har- 
vested by  picking  the  leaves  from  the  stalk.  In  the  later  stages  of 
curing,  after  the  leaf  has  turned  brown,  damage  may  result  from 
drops  of  moisture  collecting  on  the  leaf  when  the  drying  is  checked, 
thereby  causing  discoloration,  even  though  pole-sweat  does  not 
develop. 

now    TO    VBEITOTT    POLE-SWEAT. 

While  it  is  tme  that  pole-sweat  is  held  in  check  by  temperatures 
below  60°  F,.  it  is  to  l)e  remembered  that  the  curing  is  also  stopped 
at  low  temperatures,  while  the  drying  of  the  leaf  may  continue.  The 
only  practicable  remedy  lies  in  the  proper  control  of  the  humidity 
in  the  bam:  in  other  words,  there  must  be  adequate  means  of 
removing  the  excessive  moisture  during  periods  of  wet  weather. 

Many  growers  have  an  impression  that  ventilation  is  effective  in 
controlling  this  disease,  but  it  can  be  easily  seen  that  if  the  outside 
air  is  saturated  with  moisture  ventilation  alone,  however  thorough  it 
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may  be,  can  not  possibly  reduce  the  moisture  in  the  barn.  Moreover, 
the  degree  of  crowding  together  of  the  tobacco  in  the  barn  has  an 
influence  Mily  in  so  far  as  this  affects  the  moisture  of  the  air,  and  a 
single  leaf  of  tobacco  placed  in  the  barn  will  rot  the  same  as  if  the 
ham  were  completely  filled,  provided  the  temperature  and  moisture 
c'onditions  favor  pole-sweat.  To  reduce  the  moisture  in  the  bam  in 
wet  weather  the  relative  humidity  of  the  air  in  contact  with  the 
tobacco  must  be  reduced,  and  the  only  practicable  means  of  accom- 
plishing this  is  by  the  use  of  artificial  heat  combined  with  properly 
regulated  ventilation.  The  capacity  of  the  air '  for  holding  moisture 
is  greatly  influenced  by  the  temperature.  For  each  increase  of  tem- 
IJerature  of  18  or  20  degrees  the  capacity  is  doubled :  so  that,  for  ex- 
ample, if  the  temperature  of  a  given  volume  of  saturated  air  is 
raised  from  50°  to  70°  F,,  the  relative  humidity  drops  from  100  per 
cent  to  50  per  cent.  It  will  be  seen,  therefore,  that  if  sufficient  heat 
is  applied  to  raise  the  temperature  in  the  barn  15  or  20  degrees,  and  if 
the  air  is  constantly  renewed  by  ventilation,  the  relative  humidity  will 
be  kept  down  to  only  50  or  60  per  cent.  Under  these  conditions  the 
tobacco  will  dry  even  more  rapidly  than  is  the  case  on  a  warm,  bright 
sunshiny  day. 

To  so  regulate  the  temperature  and  ventilation  as  to  avoid  pole- 
sweat  and  at  the  same  time  insure  the  best  possible  curing  is  a  matter 
for  which  definite  instructions  can  not  be  given,  for  the  reason  that 
so  much  depends  on  the  varying  outride  weather  conditions  and  on 
the  character  and  quantity  of  the  tobacco  in  the  barn.  Our  experi- 
ments in  the  C(Minecticut  Valley  have  shown  conclusively,  however, 
that  pole-sweat  can  be  easily  and  completely  controlled  by  the  com- 
bined use  of  heat  and  ventilation,  no  matter  how  unfavorable  the 
weather  may  be,  and  it  is  only  a  matter  of  experience  to  determine  the 
quantity  of  heat  and  the  amount  of  ventilation  required  in  any  given 
case.  To  be  assured  of  success  under  all  conditions  means  must  be 
available  for  raising  the  temperature  in  the  barn,  which  must  be 
reasonably  tight,  15  to  20  degrees  above  the  outside  temperature  when 
moderate  ventilation  is  used.  Where  the  heat  is  applied  before  pole- 
sweat  begins  it  will  usually  be  necessary  to  use  only  moderate  amounts 
if  the  heating  is  continued  until  the  tobacco  has  passed  the  danger 
point,  whereas  if  the  disease  has  already  gained  headway  more  dras- 
tic heating  is  required  to  check  it  promptly. 

The  mistake  must  not  be  made  of  applying  too  little  heat  or  apply- 
ing it  for  an  insufficient  length  of  time,  for  this  will  only  aggravate 
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the  trouble.  In  no  case  where  there  is  real  danger  of  pole-sweat 
should  the  temperature  in  the  bam  be  allowed  to  remain  less  than 
10  to  12  degrees  above  that  of  (he  outside  air,  and  moderate  ventila- 
tion is  likewise  esseatiaL  The  c<mdition  of  the  tobacco  is  the  proper 
guide  in  all  cases,  and  it  is  important  to  examine  the  leaf  at  intervals 
in  all  parte  of  the  bam,  and  particulu'ly  in  the  upper  tiers.  The 
heated  air  tends  to  rise^  and  sufficient  heat  must  be  used  to  reodi  the 
top  of  the  bam ;  otherwise  the  moisture  from  the  tobacco  in  the  lower 
tiers  is  merely  carried  upward  and  deposited'  on  the  cooler  tobacco 
nearer  the  top. 


In  considering  the  use  of  artificial  heat  in  curing  cigar  tobacco 
the  questitm  naturally  arises  as  to  the  effect  of  the  heat  on  the  quality 
of  the  cured  leaf.  As  a  matter  of  fajct,  it  is  quite  possible  so  to 
apply  the  heat  as  to  produce  no  artificial  condition ;  that  is,  it  may 
be  applied  only  when  the  weather  is  unfavorable,  and  in  sudi  a  way 
as  to  create  those  temperature  and  moisture  conditimis  which  would 
prevail  in  the  barn  when  the  weather  is  just  right  f(»*  curing.  In 
this  case  the  principal  use  of  the  heat  would  be  to  prevent  pole-sweat, 
and  there  is  no  reason  to  suppose  that  the  result  of  the  curing  would 
be  different  from  that  obtained  in  favorable  weather  without  the 
use  of  artificial  heat. 

On  the  other  hand,  the  curing  may  be  forced  by  the  use  of  heat  so 
as  to  hasten  the  process  and  materially  affect  the  quality  of  the  cured 
leaf.  Bearing  in  mind  that  the  rate  of  drying  and  the  rate  of  curing 
may  or  may  not  go  hand  in  hand,  it  is  plain  that  uniformly  satis- 
factory results  in  tobacco  curing  can  never  be  assured  until  efficient 
methods  of  regulating  the  temperature  and  moisture  in  the  bam  are 
followed.  Artificial  heat  not  only  furnishes  a  means  of  securing  the 
most  favorable  temperatures  for  curing,  but  when  combined  with 
ventilation  also  constitutes  the  only  practicable  means  of  contrc^ing 
the  humidity. 

The  rate  of  curing  greatly  increases  with  a  rise  in  temperature,  and 
in  general  more  thorough  curing  is  obtained  at  higher  tonperatures, 
provided  the  leaf  is  not  dried  too  rapidly.  It  follows  that  artificial 
heat  when  properly  applied  is  highly  favorable  to  the  quality  of 
cigar  tobacco,  for  thorough  barn  curing  is  essential  to  the  best  de- 
velopment of  flavor,  aroma,  and  elasticity  and,  to  a  lesser  degree,  oi 
color  in  the  sweating  or  fermenting  process. 

Artificial  heat  probably  shows  the  greatest  effect  on  the  color  of  the 
cured  leaf.  Heat  in  the  presence  of  sufficient  moisture  greatly  hastens 
the  rate  of  curing,  but  when  used  in  conjunotitm  with  ventilation  it 
also  greatly  increases  the  rate  of  drying.    At  given  temperatures  the 
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extent  of  the  chatiges  in  color  occurring  during  the  curing  are  con- 
trolled l^  the  amount  of  moisture  in  the  leaf,  so  that  the  use  of  heat 
and  ventilation  comtHned  makes  it  possible  to  OHitrol  to  a  certain  ex- 
tent  the  colors  obtained.  We  have  found  in  the  course  of  our  ex- 
periments that  not  only  the  depth  of  the  color,  but  also  its  character, 
can  be  lai^ly  controlled  by  r^;ulating  the  temperature  and  ventila- 
tion. Under  the  present  method-  of  curing  cigar-wrapper  tobacco^ 
particularly  when  the  leaf  is  cured  on  the  stalk,  the  final  color  of  the 
bright  wrappers  is  normally  a  clear  cinnamon  brown,  free  from  any 
greenish  cast,  but  generally  showing  more  or  less  tendency  toward  a 
reddish  cast.  The  present  demand  is  for  a  wrapper  of  rather  dull 
fini^,  showing  the  lighter  shades  of  brown  overlaid  with  a  faint  olive 
but  absolutely  free  from  red.  The  recent  rapid  development  in  the 
Connecticut  Valley  of  the  method  of  harvesting  by  picking  the  leaves 
from  Uie  plant  is  due  i»-imarily  to  this  demand  for  a  wrapper  of 
**  Cuban  finish."  It  has  been  demonstrated  that  artificial  heat  is  an 
important  factor  in  obtaining  the  beet  curing  with  this  type  of  leaf. 

POBCZNO  THE  CUBS  BT  THE  TISE  01  AXUTEldAL  HEAT. 

The  two  most  important  reasons  why  artificial  heat  should  be  used 
in  curing  practically  all  tobaccos  are  that  (1)  this  affords  the  only 
practicable  means  of  preventing  the  decay  of  the  leaf  caused  by  exces- 
sive moisture  during  wet  weather  and  (2)  tobacco  does  not  cure  prop- 
erly at  low  temperatures,  however  favorable  the  weather  may  be 
otherwise,  s  fact  of  special  importance  in  northern  tobacco  districts. 
In  the  case  of  cigar-wrapper  leaf  another  important  «Misideration  is 
that  proper  control  of  the  moisture  in  the  bam,  which  can  only  be 
accomj^ished  by  the  use  of  heat  combined  with  ventilation,  is  the 
most  Sclent  means  of  securing  desirable  colors  in  the  cured  product. 
Where  no  heat  is  used  it  frequently  happens  that  even  after  the  cur- 
ing is  largely  completed  wet  periods  of  weather  bring  the  tobacco  into 
such  moist  condition  that  the  color  is  greatly  darkened  and  the  quality 
of  the  tobacco  otherwise  injured,  while  if  cold  weather  prevails  dur- 
ing the  curing  the  leaf  simply  dries  without  otherwise  developing  the 
desired  properties  of  cured  tobacco.  The  curing  of  cigar  tobaccos  can 
never  be  placed  on  a  satisfactory  basis  until  the  process  has  been 
rendered  largely  independent  of  weather  conditions  by  thei  combined 
nse  of  artificial  heat  and  ventilation. 

During  the  first  stage  of  the  curing,  in  which  the  yellow  color  de- 
velops, the  principal  value  of  the  heat  is  to  maintain  a  favorable 
temperature  in  the  bam,  and  during  this  period  care  must  be  taken  to 
avoid  too  rapid  drying.  It  is  evident  that  the  barn  must  be  reason- 
ably tight,  BO  as  to  prevent  the  rapid  escape  of  the  heat  and  moisture. 
On  the  other  hand,  the  barn  must  ha\-e  proj>er  means  of  ventilation 
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during  wet  weather,  otherwise  the  drying  will  be  checked  and  there 
will  be  danger  of  pole-sweat  when  tlie  second  stage  of  the  curing 
is  reached.  If  the  outside  temperature  is  below  60°  F.,  heat  should 
be  applied;  if  the  weather  is  clear,  little,  if  any,  ventilation  is 
needed,  while  in  wet  weather  more  ventilation  is  necessary.  The  aim 
should  be  to  keep  the  temperature  in  the  bam  above  70"  F.  and  to 
regulate  the  ventilation  so  that  the  tobacco  will  dry  slowly  until  it 
is  pretty  well  yellowed.  The  leaf  will  cure  satisfactorily  at  any 
temperature  between  70°  and  100°  F.,  and  the  exact  temperature 
to  be  maintained  in  the  bani  will  depend  on  outside  weather  con- 
ditions. To  prevent  too  rapid  di-ying  in  cold,  dry  weather,  even  with 
the  minimum  amount  of  ventilation,  the  inside  temperature  should 
not  be  much  more  than  10  or  12  degrees  above  that  of  the  outside 
air,  while  in  wet  weather  a  difference  in  the  inside  and  outside  tem- 
peratures of  about  15  degrees  is  desirable,  the  ventilation  also  being 
increased. 

With  favorable  temperatures  the  necessary  changes  effected  in  the 
curing  proceed  much  faster  than  is  commonly  supposed,  even  though 
this  is  not  apparent  to  the  eye,  so  that  when  heat  is  applied,  if  the 
leaf  does  not  become  dry  during,  say,  the  first  48  hours,  there  is  no 
danger  of  injuring  the  color  thereafter  by  rapid  drying.  Under 
these  conditions  the  green  color  left  in  the  leaf  disappears  as  soon 
as  the  cured  tobacco  comes  into  case  a  few  times;  in  fact,  in  our  ex- 
periments the  best  colors  have  been  obtained  from  tobacco  which  was 
still  quite  green  when  the  curing  proper  had  been  completed. 

After  the  first  stage  of  the  curing  has  been  completed — that  is, 
when  the  leaf  lias  yellowed  sufficiently — whether  or  not  the  further 
use  of  heat  is  desirable  depends  mainly  on  the  prevailing  weather 
as  to  humidity.  This  is  the  period  for  pole-sweat,  and  if  there  is 
much  damp  weather  the  heating  will  need  to  be  continued,  while 
with  favorable  weather  the  curing  can  be  completed  without  the 
further  use  of  heat.  In  any  event,  however,  the  tobacco  at  this  stage 
should  be  allowed  to  soften  well  before  prtxceding  with  the  drying, 
and  it  is  well  to  allow  the  leaf  to  come  into  good  case  from  time  to 
lime  until  the  midrib  is  cured.  If,  because  of  lack  of  barn  room  or 
other  reasons,  it  is  desired  to  hasten  the  second  stage  of  the  curing, 
heat  can  be  freely  used  without  fear  of  injuring  the  quality  of  the 
tobacco. 

While  it  is  true  that  the  occasional  softening  of  the  tobacco  during 
the  second  htage  of  the  curing  greatly  improves  its  npi»earance,  grow- 
ers as  a  rule  do  not  fully  appreciate  tlie  serious  injury  lo  the  color 
caused  by  allowing  the  cured  tobacco  to  become  too  damp.  Each 
time  a  cured  leaf  l>ecomes  damp  the  color  is  not  only  darkened,  but 
loses  in  clearness  and,  Iwsides,  the  tobacco  undergoes  a  sort  of  cold 
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sweat  which  interferes  with  its  normal  fermentation  in  the  packing 
house.  This  injury  can  be  easily  avoided  by  drj'ing  out  the  tobacco 
with  artlGcial  heat  during  wet  or  damp  weather. 

The  suggestions  here  outlined  regarding  the  use  of  artificial  heat 
in  curing  have  been  worked  out  by  experiments  with  wrapper  leaf 
harvested  by  picking  the  leaves  from  the  stalk,  but  the  same  princi- 
ples can  be  applied  to  curing  on  the  stalk,  the  main  difference  being 
that  the  curing  will  necessarily  require  more  time.  In  our  eiperience 
with  picked  tobacco,  as  has  already  been  stated,  in  addition  to  avoid- 
ing direct  injury  to  the  quality  of  the  leaf  from  unfavorable  weather 
conditions,  it  has  been  found  that  the  use  of  artificial  heat  gives  the 
desired  brown  color,  free  from  red  and  of  dull  finish. 

XETHOSS  OP  APPLTrHa  ABTIFICIAXi  HEIAT. 

We  have  pointed  out  the  necessity  of  having  available  some  suitable 
means  of  applying  artificial  heat,  in  order  to  control  the  temperature 
and  moisture  conditions  in  the  bam,  if  the  best  results  in  curing  are 
to  be  obtained.  This  brings  us  to  a  consideration  of  practical  meth- 
ods of  applying  heat  and  the  requirements  which  these  methods  must 
meet.  In  cold,  dry  weather  the  curing  ceases  but  the  drying  contin- 
ues, while  in  warm,  wet  weather  the  curing  proceeds  rapidly  and  the 
ieaf  may  even  decay  because  the  drying  is  stopped.  A  practical 
heating  system  must,  therefore,  be  c((^)nble  of  controlling  both  the 
temperature  and  humidity  so  as  to  avoid  these  extremes. 

No  heating  system  will  give  satisfactory  results  in  a  bam  which  is 
not  reasonably  tight,  for  the  temperature  in  such  a  barn  can  not  be 
raised  sufficiently  without  drying  the  tobacco  too  rapidly.  On  the 
other  hand,  a  system  of  ventilators  which  can  be  opened  and  closed  at 
will  is  necessary  for  the  removal  of  the  excessive  moisture  in  the  barn 
in  wet  weather.  If  there  is  no  ventilation  the  air  in  the  bam  soon 
becomes  saturated,  and  heat  alone  is  of  little  or  no  value  in  this  case. 
When  artificial  heat  is  used  it  is  not  desirable  in  filling  the  bam  with 
tobac(K>  to  leave  open  spaces  or  vents  from  top  to  bottom,  for  these 
merely  serve  as  channels  for  the  escape  of  the  heat  to  the  top  of  the 
bam,  while  to  be  effective  it  must  be  forced  to  pass  through  the 
tobacco. 

The  heating  system  must  have  sufficient  capacity.  A  little  heat  is 
frequently  worse  than  none,  particularly  in  the  control  of  pole-sweat, 
Esperience  has  shown  that  a  satisfactory  system  must  be  capable  of 
maintaining  the  temperature  in  the  barn  from  15  to  20  degrees  higher 
than  that  of  the  outside  air  when  moderate  ventilation  is  used.  It 
is  only  necessary  to  maintain  this  difference  in  temperature,  however, 
when  there  is  danger  from  pole-sweat,  and  under  ordinary  conditions 
a  difference  of  10  or  12  degrees  between  the  inside  and  outside  air  is 
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sufficient.  Tbe  heat  must  be  applied  at  tbe  bottom  of  the  bam  and 
must  be  evenly  distributed  in  order  that,  so  far  as  possible,  all  of 
the  tobacco  may  receive  the  same  amount. 

As  is  well  known,  artificial  heat  has  long  beui  used  in  curing 
certain  types  of  expert  and  manufacturing  tobaccos.  There  are 
essentially  two  methods  of  applying  the  heat.  In  the  case  of  the 
so-called  dark  fire-cured  export  tobacco  open  fires  are  made  on  the 
floor  of  the  bam  and  the  smoke  is  allowed  to  pass  up  through  the 
tobacco,  thereby  imparting  a  characteristic  odor  and  taste  to  the 
leaf.  No  heat  is  applied  for  the  first  few  days  and  thereafter  the 
fires  are  maintained  only  at  intervals,  so  that  the  tobacco  is  only 
partially  cured  with  artifidat  beat  In  the  case  of  flue-cured  manu- 
facturing tobacco,  the  heat  is  introduced  by  means  of  furnaces  fitted 
with  a  system  of  flues  through  whicl\  the  heat  is  distributed.  This 
method  differs  from  fire  curing  in  that  the  smoke  does  not  come  in 
contact  with  the  tobacco  and  the  heat  is  applied  continuously 
throughout  the  curing.  The  process  is  cconpleted  in  from  three  to 
five. days.  In  flue  curing;  the  temperature  can  be  controlled  with 
exactness,  and  this  is  decidedly  the  most  perfect  system  of  curing 
now  in  use.  In  both  flue  curing  and  fire  curing  wood  is  the  fuel 
used. 

It  has  already  been  stated  that  open  fires  have  long  been  used  in 
curing  cigar  tobacco  in  western  Florida,  and  both  wood  and  charcoal 
have  been  used  as  fuel.  In  curing  shade-grown  cigar-wrapper  leaf 
in  the  Connecticut  Valley  open  charcoal  fires  are  quite  generally  used. 
The  application  of  open  fires  and  of  heating  by  means  of  flues  is 
considered  in  the  following  paragraphs. 

THE  DSB  OP  CHABCOAI'  IN  COBINO. 

The  evident  points  in  favor  of  open  fires  as  a  source  of  heat  in  curing 
are  simplicity  and  cheapness,  provided  the  fuel  used  is  not  expensive. 
Where  wood  can  be  used  this  is  the  cheapest  method  of  applying 
heat,  since  wood  is  in  most  cases  still  a  comparatively  cheap  fuel 
and  open  fires  require  almost  no  special  equipment.  Charcoal  is 
generally  preferred  for  curing  cigar  tobacco,  however,  for  the  rea- 
son that  it  bums  with  very  little  smoke.  On  the  other  hand,  char- 
coal  is  one  of  the  most  expensive  of  fuels  and  the  supply  is  limited 
and  uncertain.  It  is  an  established  fact  that  even  cigar-wrapper 
leaf  is  not  injured  by  small  quantities  of  smoke,  so  that  thoroughly 
seasoned  wood,  corncobs,  and  similar  materials  which  bum  with  but 
little  smoke  can  be  used  successfully  in  an  emergency.  Of  course, 
any  material  which  bums  with  dense  smoke  will  cause  serious  dam- 
age by  discoloring  the  leaf  with  soot.  Coal  and  coke  can  not  be 
used  for  open  fires  because  of  injurious  gases,  mainly  sulphur  diozid, 
formed  in  combustion.  nuiizo;r;.CjOt.>Qlc 
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One  of  the  principal  difficulties  to  be  met  in  using  open  fires  is  in 
se<:uriiig  an  even  distribution  of  the  heat.  The  tobaceo  hanging  di- 
rectly over  the  fires  will  be  overheated,  while  that  between  the  fires 
i^  not  likely  to  receive  enough  beat.  Evidently  a  lai^  number  of 
Mnall  fires  is  better  than  a  few  la^er  fires,  and  they  should  not  be 
more  than  6  or  8  feet  apart  each  way.  It  will  be  seen  at  once,  how- 
ever, that  the  labor  required  in  taking  care  of  the  larger  number  of 
fires  will  be  greatly  increased,  t^e  small  fires  require  close  atten- 
tion to  keep  them  going  and  to  avoid  the  danger  of  burning  the 
bam.  If  the  botttim  tier  of  the  bam  is  filled  the  tobacco  hangs  so 
near  the  ground  that  the  fires  are  not  easily  accessible.  In  any  case 
the  tobacco  hanging  immediately  above  the  spots  chosen  for  the 
fires  must  be  removed  before  these  are  started.  Small  heaters  are 
occasionally  used  for  burning  charcoal,  but  these  are  of  doubtful 
value  except  that  they  lessen  the  danger  of  accidental  fires,  and  the 
same  may  be  said  of  small  pits  dug  in  the  floor  of  the  bam,  which 
have  been  used  by  some.  Deflectors  of  various  kinds  are  frequently 
suspended  above  the  fires  to  secure  a  better  distribution  of  the  heat, 
and  these  are  serviceable,  but  less  so  when  constructed  of  metal,  be- 
cause they  then  transmit  the  heat  very  readily.  They  are  moist  effi- 
cient when  flat  or  having  the  shape  of  an  inverted  ccme. 

Open  charcoal  fires  have  thus  far  been  used  mainly  in  curing  shade- 
grown  tobacco,  all  of  which  is  harvested  by  picking  the  leaves  from 
the  stalk.  The  method  commonly  used  is  to  keep  the  fires  going  for 
about  three  days  or  until  the  leaf  is  pretty  well  yellowed,  after  which 
no  heat  is  used  except  to  prevent  damage  from  pole-sweat  in  wet 
weatber.  During  this  period  the  approximate  range  of  temperature 
in  the  bam  is  from  80°  to  100°  F.,  depending,  of  course,  on  the  out- 
side weather  conditions.  As  a  rule,  the  bams  are  kept  tij^tly  closed 
during  the  firing  to  prevent  the  tobacco  from  drying  too  rapidly. 
The  roof  of  the  barn  being  covered  with  shingles  and  therefore 
aff<vding  considerable  ventilation  and  this  class  of  tobacco  being 
very  light  in  body  make  it  possible  to  dispense  with  ventilators  on 
(he  peak,  although  these  are  undoubtedly  very  desirable  in  northern 
latitudes,  as,  for  example,  in'  the  Connecticut  Valley.  The  quantity 
of  charcoal  required  for  curing  shade-grown  tobacco  will  naturally 
depend  very  much  on  weather  conditions,  but  with  normal  season!^ 
there  will  usually  be  required  from  200  to  300  bushels  for  a  barn 
holding  6  acres  of  tobacco.  With  unfavorable  weather  conditions 
much  larger  quantities  will  be  needed. 

For  curing  ordinary  picked  tobacco,  particularly  the  broadleaf, 
which  is  especially  liable  to  develop  pole-sweat,  much  more  fuel  will 
be  required  because  of  the  greatly  increased  amount  of  water  to  !« 
removed  from  the  bam.  For  curing  on  the  stalk  sf  ill  more  heat  will 
be  required  if  the  curing  is  to  be  forced,  as  is  done  with  the  shade- 
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grown  leaf,  and  it  is  doubtful  whether  chnrconl  could  be  used  except 
at  prohibitive  cost  niilefis  the  heat  is  employed  merely  to  temporarily 
ward  off  pole-sweat. 

THE  USE  or  FLUE9  IN    CUBINO. 

Because  of  the'  difficulties  attending  the  use  of  chflrcoal  fires  for 
forcing  the  cure  of  cigar  tobaccos,  more  particularly  the  ordinary 
picked  and  stalk-cured  types,  which  have  been  pointed  out  previously, 
experiments  have  been  conducted  during  the  past  few  years  in  the 
Connecticut  Valley  with  a  view  to  devising  a  more  economical  and 
satisfactory  method  of  applying  heat.  The  possibilities  of  steam 
heating  were  first  investigated,  but  it  was  found  that  such  a  system 
is  impracticable  because  of  its  coet.  Attention  was  next  turned  to 
the  use  of  fiue.s,  such  as  are  employed  with  other  types  of  tobacco, 
and  with  much  better  success. 

As  shown  in  figure  1,  the  heating  system  used  in  flue-curing  dis- 
tricts consists  of  sheet-iron  pii>es  10  to  15  inches  in  diameter,  leading 
from  furnaces  placed  at  one  end  of  the  barn.  The  flues  extend  across 
the  bam  and  in  returning  pass  out  through  the  side  of  the  bam,  with 
a  short  smokestack  at  the  end.  It  will  be  observed  that  the  flue- 
curing  barns  are  quite  small,  so  that  the  heat  is  uniformly  distributed. 
The  aim  of  our  experiments  has  been  so  to  modify  this  method  of 
heating  as  to  nuike  it  applicable  to  the  curing  of  cigar  tobacco. 

One  of  the  first  changes  necessary  in  adapting  this  system  to  cigar 
leaf  is  that  the  furnaces  shall  be  placed  wholly  on  the  inside  of  the 
bam.  This  prevents  unnecessary  loss  of  heat,  greatly  reduces  the 
danger  of  setting  fire  to  the  bam,  and  protects  the  fire  box  from  being 
flooded  during  rainy  weather.  Since  the  furnaces  need  to  be  set  up 
permanently,  they  nnist  be  placed  in  the  ground  in  order  that  they 
thall  not  interfere  with  the  work  of  handling  the  tobacco  and  also 
that  the  necessary  grade  can  be  given  the  flues. 

Since  the  high  temperatures  used  in  the  flue-cnring  districts  are 
not  needed  in  curing  cigar  tobacco,  the  flues  should  not  be  so  large. 
Experience  has  shown  that  those  having  a  diameter  of  8  inches  are 
<|uite  satisfactory.  In  the  flue-curing  districts  the  flues  are  made  of 
light-weight  black  sheet  iron  and  will  last  for  many  years,  but  in  the 
Connecticut  Valley  it-has  been  found  that  such  flues  will  scarcely  last 
more  than  one  seaf-on.  Galvanized  iron  of  No.  24  gauge  is  recom- 
mended as  a  satisfactory  material  for  constructing  durable  Sues. 
Flues  of  this  material  will  weigh  something  less  than  3  pounds  per 
foot.  To  facilitate  setting  up  the  flues  and  to  avoid  the  danger  of 
fire  from  loose  joints  the  short  pieces  of  pipe  should  be  riveted  to- 
gether into  long  sections.  It  is  important  to  have  the  open  joints  of 
these  long  sections  made  so  that  they  can  be  ea^ly  connected,  and  they 
should  be  provided  with  "boot  straps''  for  tying  together  securely 
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with  wire.  Tlie  joints  ordinarily  made  by  the  maniifacturef  fit  so 
tightly  that  it  requires  miicli  time  aiitl  putii-nce  to  pnt  them  together. 
Thus  far  wood  is  tlie  only  fuel  which  has  been  found  suitable*  for 
heating  the  ftufs,  and  the  furnaces  have  been  designed  more  particu- 
larly for  this  fuel.  In  the  system  which  has  l>een  developed  the  16- 
foot  sections  formed  by  posts,  frames,  and  girdei's  set  up  across  ■ 
the  bum  and  known  nH"l)ents,"  are  taken  as  the  unit,  so  that  each 


Fm.   1.— Sketch  BhowlDR  Ibp  Hrrnnci'mpnt  of  furnnci'x   hdcI   Such  In   n   lium  ndiipli'd    rnr 
purine  ypUo"-  lobarco :  F,  F,  Rrlck  (arnnces ;  .\,  B,  C,  D,  fthppt-lron  flapM, 

Section,  or  bent,  i-equires  an  independent  furnace  and  set  of  flues. 
The  furnace,  which  is  set  in  the  ground,  should  be  not  less  than  ."i  feet 
long  and  about  IC  inches  wide,  inside  measurement.  The  top  should 
^lope  upward  from  iibout  ITi  inches  at  the  front  to,  say,  2G  inches  at 
the  back.  The  sides  and  the  closed  end  may  !«■  made  by  laying  a 
single  thickness  of  brick  without  cement  of  any  kind  along  the  sides 
of  the  pit  dug  for  the  purpose,  sheet  iron  fitted  with  a  collar  fo^  re- 
ceiving 


'  the  end  of  the  flue  and  covered  with  2  or  3  inches,  of  » 
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serving  as  a  top.    Sudi  a  furnace,  however,  is  not  durable  and  is 
comparatively  expensive. 

A  very  cheap  and  desirable  type  of  furnace,  made  of  concrete  cast 
in  sections,  is  shown  in  figure  2.  Sand  and  trap  rock  were  used  in 
casting  these  furnaces  and  the  formula  used  was  that  ordinarily  em- 
ployed for  mixing  "  strong "  concrete.  The  top,  sides,  and  end  are 
all  4  inches  thick  and  of  the  dimensions  g^ven  in  the  preceding  para- 
graph. The  sides  are  cast  with  a  2  by  4  inch  notch  at  the  rear  end  for 
receiving  the  back.    The  top  is  reenforced  with  steel  and  is  provided 


Pto.  2. — Tj'pe  or  coDcrete  rurnncv.  cast  In  scctloDH.  tor  aw  In  HpplylOK  artlfletal  beat 
through  flaca.  devised  b;  W.  B.  Plnoej,  Suffleld.  Conn. :  a.  Bide  of  furnace,  with  Moping 
upper  edge  and  recess  Id  rear  end  for  recelTlog  the  end  of  furnace ;  E>,  e,  top,  with 
tapered  opening  at  rear  end  for  receiving  end  o(  floe. 

with  an  opening,  tapering  downward,  6  inches  from  one  end  for  re- 
ceiving the  end  of  the  flue.  The  top  is  cemented  on  at  the  time  of 
setting  up  the  furnace.  The  sections  of  the  furnace  are  heavy,  and 
sihould  be  cast  in  the  barn  in  which  they  are  to  be  used.  If  the  sand 
and  rock  can  be  had  near  at  hand  a  furnace  of  this  type  would  cost 
only  about  $1.50,  exclusive  of  labor.  In  tests  during  the  past  season 
these  furnaces  gave  very  satisfactory  results,  and  there  is  reason  to  be-' 
lieve  that  if  properly  made  they  will  prove  very  durable. 

In  the  system  of  heating  which  has  been  developed  with  the  bent 
as  the  unit,  figure  3  i^hows  the  best  method  which  has  been  devised 

2il  rul,zo-;yCot)l^lCv 
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for  setting  up  the  flues.  The  furnaces  may  be  made  to  run  either 
lengthwise  or  crosswise  of  the  barn.  They  are  al]  placed  on  one  sido 
of  the  bam,  preferably  on  the  north  or  west  side.  To  prevent  the 
excessive  radiation  of  heat  from  the  front  end  of  the  furnace  the 
lower  portion  of  the  opening  should  be  kept  closed.  This  can  be  con- 
veniently done  by  means  of  a  piece  of  L-shaped  sheet  iron,  of  the 
width  of  the  furnace,  which  will  close  about  one-half  the  mouth  of 
the  furnace.  By  closing  the  lower  portion  the  air  is  -forced  to  enter 
throu^  the  upper  portion  of  the  opening,  which  does  not  interfere 
with  the  draft  but  prevents  the  escape  of  heated  air  from  this  end  of 
the  furnace. 


flO.  3. — PortiBce  aad  flu?  In  poattlon.  At  o,  a  T-upctlon  may  be  ImwrlmJ.  Ihp  open  enfl  of 
wtaleb  pasaen  oal  al  the  tide  of  tb«  barn.  thuH  prctenllnR  ■  back  dratt  wh^n  the  wind 
blows  Into  lb(>  rod  of  the  flue.  A  separate  furoace  and  aot  of  flues,  aa  shown,  ace 
rniiilred  for  each  bent  of  the  bam. 

The  first  section  of  the  flue  running  across  the  barn  from  the  fur- 
nace can  be  riveted  together  into  a  single  piece,  while  the  return  por- 
tion can  be  made  of  two  sections,  exclusive  of  the  upright  bend  near 
the  point  of  exit.  This  rise  at  the  outer  end  of  the  flue  is  to  facilitate 
passing  from  one  furnace  to  the  other  and  also  to  secure  a  better  draft 
in  the  pipe.  The  elbow  on  the  end  is  not  essential,  bnt  is  helpful  in 
windy  weather,  as  it  can  be  turned  so  that  the  open  end  is  away  from 
the  wind.  The  best  method  of  supporting  the  flues  is  by  mean.'i  of  a 
light-weight  chain  and  small  S-hooks  suspended  from  the  tier  poles, 
making  it  possible  to  regulate  quickly  the  grading  of  the  Hues.  About 
36  feet  of  chain  are  required  for  each  bent. 


3vGoo^^lc 
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-The  system  set  up  as  described  works  very  satisfactorily,  except 
■when  there  in  a  strong  wind  blowing  directly  into  the  open  end  of 
the  flue.  In  this  case  the  flues  can  not  be  made  to  draw.  This  diffi- 
culty is  overcome  by  using  a  T-section,  fitted  with  a  damiier,  for 
connecting  the  return  portion  of  the  flue  with  the  end  portion — that 
in,  at  the  corner  farthest  removed  from  the  furnace  (see  fig.  3,  .1). 
This  section  will  automatically  check  the  back  draft  caused  by  the 
wind  blowing  into  the  open  end  of  the  pipe  by  furnishing  an  exit 
for  the  surplus  smoke.  The  end  portion  of  the  flue  connecting  the- 
two  runs  across  the  barn  can  be  riveted  together  into  one  section,  in- 
cluding the  elbow  at  one  end  iind  the  T-piece  at  the  other. 

With  a  properly  constructed  barn  this  system  of  heating  is  easily 
capable  of  maintaining  a  temperature  20  degrees  above  that  of  the 
outside  air.  It  is  estimated  that  from  1  to  2  cords  of  wood  will  be 
required  for  curing  an  acre  of  picked  tobacco.  Some  idea  of  the  rel- 
ative cost  and  heating  value  of  wood  as  compared  with  charcoal  can 
be  had  tcom  the  following  data :  The  average  weight  per  cord  of 
wood  of  various  kinds,  such  as  oak,  hickory,  pine,  chestnut,  etc.,  is 
about  3,000  pounds,  yielding  about  32  bushels  of  charcoal,  which 
weigh  approximately  700  pounds.  The  quantity  of  heat  obtained 
from  3  pounds  of  wood  is  approximately  equal  to  that  obtained  from 
2  pounds  of  charcoal,  ko  that  a  cord  of  wood  will  yield  about  three 
times  the  quantity  of  heat  obtained  from  the  same  quantity  of  wood 
after  being  converted  into  charcoal.  The  present  price  of  charcoal 
in  the  Connecticut  Valley  is  equivalent  to  a  price  of  $12  to  $15  per 
cord  for  wood.  It  is  considered  that  the  system  of  heating  with  flues 
which  has  been  outlined  will  cost,  complete,  about  $20  per  bent,  or, 
approximately,  $35  per  acre.  The  equipment  with  minor  repairs  will 
last  many  years,  and  it  has  been  shown  that  it  may  pay  for  itself  in 
a  single  seiison  of  bad  curing  weather.    ' 

It  has  been  conclusively  proved  by  Mr.  W.  S.  Pinney  and  others 
through  tests  carried  out  on  a  large  scale  in  the  Connecticut  Valley 
{luring  the  past  two  years  that  this  system  not  only  removes  all  danger 
from  pole-sweat,  but  produces  tobacco  of  the  highest  quality  in  all 
respects,  particulaily  when  applied  to  tobacco  harvested  by  picking 
or  priming  the  leaves.  It  is  very  probable  thai  the  method  of  con- 
structing and  ari-anging  the  furnaces  and  flues  which  lias  been  de- 
wribcd  will  be  materially  improved  upon,  and  there  would  seem  to 
bp  possibilities  in  developing  a  plan  involving  the  use  of  one  or  more 
central  smokestacks  or  chimneys  extending  through  the  roofs,  into 
which  the  various  flues  can  be  !e<l.  AMiat  it  is  desired  to  emphasize 
more  particularly  is  (he  fact  that  it  has  been  convincingly  demon- 
>^tralcd  that  the  use  of  flues  for  applying  artificial  heat  affords  the 
best  method  yet  devised  for  curing  cigar  tobacco,  especially  for  cur- 
ing the  picked  leaf.  ^ 

2"  Digiliz^cbyGoO^^IC 
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In  view  of  the  fact  that  wood  is  not  always  easily  obtainable  it  is 
highly  desirable  that  some  method  of  heating  be  devised  whereby  coal 
can  be  used,  for  this  is  a  standard  fuel  which  can  be  had  in  unlimited 
quantity.  It  seems-  possible  that  coal  can  be  used  for  heating  a  sys- 
tem of  flues  if  a  forced  draft  is  employed,  but  this  would  j^uire 
some  sort  of  motive  power. 

BABNS  ASAfTBD  TO  THE  USE  OP  HEAT  IH  CUBING. 

It  has  already  been  pointed  out  that  ventilation  in  conjunction 
witli  heat  is  required  to  control  properly  the  humidity  in  the  bam. 
The  bams  most  used  in  curing  shade-grown  tobacco  are  high  and 
have  a  steep  shingle  roof.  Air  can  penetrate  the  shingle  roof  rather 
freely,  which  makes  it  possible  to  utilize  charcoal  fires  without  the 
use  of  a  roof  ventilator,  but,  nevertheless,  the  curing  conditions  could 
be  better  controlled  with  such  a  ventilator.  In  curing  with  flues, 
especially  in  the  case  of  tobacco  other  than  shade  grown,  (he  leaf  of 
which  is  much  larger  and  heavier  in  body,  the  roof  ventilator  is  very 
important.  Moreover,  lower  bams  with  flat  roofs  are  much  more 
desirable,  for  it  is  very  difficult  to  force  the  heat  througli  the  gi-een 
tobacco  in  high  barns  with  steep  roofs.  Moderate-sized  barns  which 
can  be  filled  in  a  day  or  two,  bo  that  the  heiit  can  be  applied  promptly, 
are  preferred  to  larger  ones.  In  the  case  of  large  barns,  however, 
to  fill  which  requires  several  days,  temporary  partitions  can  be  put 
in  at  convenient  intervals  by  tacking  up  strips  of  burlap  on  the 
cross  framing.  The  burlap  partitions,  which  are  very  effective  in 
preventing  the  escape  of  the  heat,  make  it  possible  to  nui  the  fur- 
naces in  one  section  while  the  next  is  being  filled. 

In  figure  4  is  shown  a  7-bent  bam  with  a  low,  flat  roof  of  paper, 
designed  by  Mr.-  W.  S.  Pinney,  of  Suffield,  Conn.,  which  is  especially 
adapted  for  curing  the  ordinaiy  types  of  picked  wrapper  leaf.  It 
will  be  noted  that  in  addition  to  the  regulation  side  ventilators  a 
special  ventilator  extends  along  the  peak  of  the  roof,  which  opens  on 
each  ade.  The  doors  on  either  side  can  be  opened  or  closed  from 
the  ground  by  means  of  ropes  and  pulleys.  WTiile  heat  is  being 
applied  all  side  ventilators  are  tightly  closed,  except  the  horizontal 
ventilator  at  the  bottom,  through  which  such  air  ns  is  needed  for 
ventilation  is  introduced.  In  operating  the  roof  ventilator  the  prin- 
cipal point  to  be  observed  is  to  open  only  ihe  side  away  from  the 
wind.  In  dry  weather  comparatively  little  ventilation  will  be  needed 
and  frequently  none  at  all,  while  in  wyt  weather  ample  opportunity 
for  the  circulation  of  air  must  be  given. 

The  aim  should  be  to  allow  the  air  to  enter  the  barn  near  the  ground 
and,  after  being  heated  by  coming  in  contact  with  the  flues,  to  puss 
upward  through  the  tobacco  and  finally  to  pass  out  through  the  roof 

ating  the 
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circulution  of  air  as  affected  by  temperuture.  The  sole  object  is  to 
so  regulate  the  heat  and  ventilation  as  to  secure  the  proper  tempera- 
ture in  the  barn  for  curing  and  so  to  control  the  humidity  that  the 
tobacco  will  not  be  injured  by  dicing  either  too  rapidly  or  too  slowly. 


We  have  here  outlined  a  means  for  accomplishing  this  object,  which 
makes  it  possible  to  cure  cigar  tobacco  under  uniformly  favorable 
conditions  regardless  of  the  outside  weather, 

SUHKABT. 

Methods  of  curing  have  not  kept  pace  with  the  advances  made  in 
other  features  of  cigar-tobacco  production  and  are  still  comparatively 
•  crude.  Curing  involves  important  changes  in  the  composition  of  the 
leaf  other  than  the  loss  of  water,  and  a  clear  distinction  is  to  be  made 
between  curing  and  mere  drying.  The  process  is  dependent  on  the 
life  activities  of  the  leaf  cells  and  is  essentially  a  process  of  starva- 
tion. 

To  insure  good  curing,  the  leaf  tisiiue  must  not  be  killed  or  in- 
jured by  freezing  or  by  bruising  before  being  placed  in  the  barn,  the 
temperature  in  the  bam  must  be  moderately  high,  and  the  rate  of 
drjing  must  not  be  too  rapid  during  the  first  stages  of  the  process. 

The  disease  known  as  pole-sweat,  which  is  merely  a  decay  of  the 
leaf,  is  due  to  excessive  moisture  in  the  bam  after  the  leaf  has  been 
yellowed.  Tliis  disease  can  be  readily  controlled  by  the  combined 
use  of  heat  and  ventilation. 

Tlie  application  of  artificial  heat  under  proper  conditions  does 
not  injure  the  quality  of  cigar  tobacco,  but  on  the  contrary  insures 
better  curing,  eHpecially  ns  regards  the  color  of  wrapper  leaf.  It 
has  given  particularly  good  results  with  picked  or  primed  tobacco. 
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To  apply  artificial  heat  effectively  and  economically  requires  a 
reasonably  tight  bam,  and  adequate  ventilation  must  be  provided 
to  control  properly  the  humidity.  The  heating  system  should  have 
sufficient  capacity  to  maintain  in  the  bam  a  tranperature  from  15 
to  20  degrees  above  that  of  the  out»de  air. 

Open  charcoal  fires  are  used  successfully  in  curing  shade-grown 
tobacco,  but  charcoal  is  an  expensive  fuel,  the  supply  is  limited,  and 
properly  to  care  for  the  large  number  of  firra  required  is  a  laborious 
task.  This  method  of  applying  heat  would  be  decidedly  more  ex- 
pensive in  the  case  of  ordinary  picked  or  primed  tobacco  and  when 
tobacco  is  cured  on  the  stalk.  • 

A  method  has  been  devised  for  applying  artificial  heat  by  means 
of  a  system  of  furnaces  and  flues  in  which  wood  is  used  as  fuel.  In 
this  method  a  furnace  and  set  of  flues  are  required  for  each  "  bent " 
or  16-foot  section  of  the  bam.  An  imp(H-tant  feature  of  the  system 
is  a  ventilator  extending  along  the  peak  of  the  roof.  Details  regard- 
ing the  construction  and  use  of  this  ^stem  have  been  outlined.  It 
has  been  fully  demonstrated  by  tests  conducted  on  a  large  scale  that 
this  method  gives  excellent  results  in  curing,  especially  in  the  case 
of  tobacco  harvested  by  picking,  the  leaves  from  the  stalk. 

Moderate-sized  bams  with  low,  flat  roofs,  whidi  can  be  completely 
filled  with  tobacco  in  one  or  two  days,  are  best  adapted  to  the  use 
of  artificial  heat  in  curing. 
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LETTER  OF  TRANSMIHAL. 


U.  S.  Dbpabticent  op  Aqeicultukb, 

Btjeeau  of  Plant  Indcstbt, 

Office  of  the  Chief, 
Washington,  D.  C,  January  W,  1912. 
Sm:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  242  of  the  series  of  this  Bureau  the 
accompanying  manuscript,  entitled  "Seeds  and  Plants  Imported 
during  the  Period  from  April  1  to  Jtme  30,  1911:  Inventory  No.  27; 
Nos.  30462  to  31370." 

This  manuscript  has  been  submitted  by  the  Agricultural  Ex^dorer 
in  Chai^  of  Foreign  Seed  and  Plant  Introduction  with  a  view  to 
publication. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau . 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SEEDS  AND  PLANTS  IMPORTED  DURING  THE 
PERIOD  FROM  APRIL  1  TO  JUNE  30,  1911: 
INVENTORY  NO.  2T;  NOS.  30462  TO  31370. 


INTROD'UCTOB.T  STATEKENT. 

It  is  not  generally  realized  by  the  public  that  the  area  of  inhabited 
country  on  the  globe  which  is  visited  by  zero  temperatures  is  limited 
to  the  Northern  Hemisphere  and  to  the  tops  of  mountains.  A  tem- 
perature such  as  is  prevalent  on  our  Great  Plains  every  winter  would 
practically  wipe  off  the  vf^etation  from  the  continents  lying  below 
the  equator  and  would  so  injure  the  agriculture  even  of  central  Europe 
that  it  would  require  many  years  in  which  to  recover.  The  eucalypta 
are  trees  which  we  can  not  grow  north  of  Florida  or  California,  and 
yet  there  are  varieties  which  grow  well  on  the  west  coast  of  Scotland. 

The  limited  area  which  can  be  explored  with  any  hope  of  obtaining 
perennial  plants  hardy  enough  to  thrive  on  our  Great  Plains  should 
give  any  exploration  of  such  areas  special  importance. 

The  present  inventory  contains  descriptions  of  plant  material 
obtained  by  Mr.  Frank  N.  Meyer  during  an  exploration  trip  across 
the  great  Tien  Shan  mountain  range,  which  lies  between  Chinese  and 
Russian  territory,  a  r^ion  with  passes  13,000  feet  above  the  sea  and 
possessing  a  climate  approaching  that  of  the  upper  Mississippi 
Valley.  The  winters  are  long  and  cold,  and  the  thenaometer  goes 
down  to  —20"  F.  or  more,  while  the  suuimers  are  extremely  hot, 
though  possibly  not  so  long  as  those  in  our  Middle  West. 

Mr.  Meyer  left  Kashgar  in  Chinese  Turkestan  on  February  10,  and 
on  foot  or  by  native  cart  he  traveled  across  the  alkali  and  sandy  des- 
erts for  13  days  to  Aksu,  at  the  foot  of  the  Tien  Shan  Bange,  picking 
up  some  desert  poplars  on  the  way.  Here  he  changed  his  desert 
caravan  for  a  mountain-climbing  equipment  and  with  a  mounted 
guard  climbed  northward  over  the  range  by  way  of  Awat,  Yengi- 
Malah,  Kailik,  and  Tangor-Tash  over  the  Muzart  Glacier  to  Ghilan, 
thence  eastward  along  the  Tekes  River  to  a  point  on  the  Chong 
Djighilan  River  east  of  the  hamlet  of  Chong  Djighilan,  and  from 
there  worked  his  way  northwestward  in  the  valley  of  the  Ili  to  Kulja, 
spending  40  days  on  the  rood.    The  difficulties  of  travel  in  any  poorly 
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mapped  r^on  are  great,  but  they  were  made  even  greater  by  the  fact 
that  the  region  mentioned  b  the  very  boundary  Une  between  the  Rus- 
sian and  the  Ctiinese  Empires  and  that  at  that  time  the  Kulja,  or  Hi, 
district  was  a  subject  of  international  dispute  between  the  two 
countries. 

In  the  journey  through  the  alkali  desert  Mr.  Meyer  secured  some 
promising  desert  poplars  and  cuttings  of  that  important  drought  and 
alkali  resistant  tree,  the  tamarisk  (Nos.  30930  to  30933),  to  which 
enough  attention  has  not  yet  been  paid  by  dwellers  in  desert  regions 
who  are  looking  for  cover  plants  and  sand  binders.  Crossing  the 
Tien  Shan  Range  he  reached  altitudes  of  13,000  feet  and  traveled 
through  forests  of  the  rare  spruce  Pieea  ohovata  schrenkiana,  a  fomi 
which  may  have  a  dbtinct  future  as  a  park  and  avenue  tree  in  the 
elevated  semiarid  regions  of  this  country  where  the  Norway  spruce 
fails.  On  March  16  and  17  Mr.  Meyer  discovered  wild  apricot  and 
wild  apple  trees  (Nos.  30946  to  30949  and  30952)  standing  in  2  feet  of 
hard-frozen  snow  on  the  north  side  of  an  otherwise  barren  mountain 
near  Tugai.  In  the  valley  of  the  Chong  Djighilan  River  groves  of 
these  wild  fruits  occur,  the  slow-growing  trees  varying  in  all  possible 
ways.  They  grow  in  the  company  of  birches,  sea  buckthorn,  haw- 
thorn, and  other  northern  species,  and  Mr.  Meyer  is  forced  to  the 
conclusion  from  his  study  of  the  wild  orchards  which  he  saw  there 
that  these  wild  species  v/Ui  give  rise  to  strains  of  very  much  hardier 
varieties  of  both  these  orchard  fruits  than  any  we  now  possess.  Our 
apples  and  apricots  have  no  doubt  come  to  us  from  their  wild  homes 
through  the  mild  r^ions  of  Europe,  and  this  reaching  back  to  the 
original  wild  hardy  forms  can  not  fail  to  be  of  importance  to  the 
breeders  who  are  interested  in  the  production  of  hardier  varieties. 
Owing  to  the  fact  that  it  took  two  months  for  the  cuttings  to  reach 
Washington  (though  gathered  in  March  they  did  not  reach  here 
until  May  17),  it  proved  impossible  to  save  them.  Arrangements 
for  their  reintroduction  are  under  way. 

Some  of  the  other  plants  which  were  secured  on  this  trip  are  an 
ornamental  Euonymus  (No.  31276)  from  the  IK  Valley,  which  is 
likely  to  be  hardier  than  E.  radicans,  so  much  used  on  the  walls  of 
our  houses;  a  valuable  collection  of  the  named  varieties  of  winter 
melons  of  the  Casaba  type  (Nos.  31335  to  31352)  from  the  sand  dunes 
of  Tcharjui;  two  yellow-flowered  alfalfas  from  an  altitude  of  4,000  to 
7,000  feet  (Nos.  30954  and  30955) ;  two  wild  currants  from  Idin-Kul 
(Nos.  30943  and  30944) ;  a  collection  of  hardy  willows  for  park  plant- 
ing in  the  Northwest  (Nos.  30923  to  30929);  and  a  collection  of  five 
varieties  of  apricots,  one  of  them  a  dark-red  sort,  from  Bis-Karim 
(Nos.  30628  to  30632). 

Mr.  C.  V.  Piper,  of  the  Office  of  Forage-Crop  Investigations,  tempo- 
rarily detailed  to  the  Bureau  of  Insular  Affairs  of  the  War  Depart- 
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meat  for  the  purpose  of  making  a  study  of  the  forage-crop  problemB 
of  the  Philippine  Islands,  left  that  detail  on  July  5  and  started  on  an 
agricultural  exploration  for  this  office.  His  collections  which  are 
recorded  here  are  only  such  as  were  made  by  him  previous  to  leaving 
the  PbihppiQes.  They  include,  among  other  forage  grasses  and 
grains,  soft-seeded  varieties  of  the  grass  known  as  Job's-tears  {Coix 
lackryma-joH  ma-yuen),  which  Mr,  Piper  beUeves  are  promising  as 
summer  grain  crops  (No.  30715) . 

Of  the  plant  material  sent  in  by  correspondents  and  through  the 
American  comuls  the  following  are  worthy  of  special  attention:  A 
stroi^,  fruitful  variety  of  the  chayote  (No.  30462),  other  varieties  of 
which  vine  have  been  disappointing  in  our  experiments  because  of 
their  shy-bearing  habits;  roots  of  the  white  ginger  from  China  (Noa. 
30483  and  30592)  that  may  demtmstrate  the  possibility  of  ginger 
culture  in  this  country;  a  wild  species  of  Fersea  (No.  30494)  from 
Panama  which  the  avocado  growers  of  Florida  and  California  may 
be  glad  to  try  as  a  stock;  the  arayan  from  Mazatlan,  Mexico  (No. 
30499),  a  rich,  juicy,  tropicfd  fruit  that  deserves  to  be  improved, 
as  it  represents  one  of  a  large  number  of  tropical  myrtles  which  have 
good  edible  fruits;  plants  of  the  Laranja  da  Terra  (No.  30605),  a  variety 
or  local  strain  of  orange,  which  is  used  as  a  stock  for  the  navel 
orange  in  Bahia,  Brazil,  where  this  orange  is  supposed  to  have  origi- 
nated; ft  collection  of  the  remarkable  soy  beans  of  Mfuichuria  (Nos. 
30593  to  30601),  the  value  of  which  for  producing  a  paint  oil  and  for 
use  in  the  manufacture  of  human  food  has  been  recently  so  strongly 
emphasized;  the  sweet  lime  of  Palestine  (No.  30620)  which,  according 
to  &&.  Aaron  Auxinsohn,  ia  preferre<I  as  a  stock  for  the  famous  seed> 
less  Jaffa  orange,  because  the  trees  require  less  irrigation  and  fruit 
earlier  than  the  bitter  orange;  theShibu  kaki  of  Japan  (No.  30678), 
a  variety  of  persimmon  which  is  not  edihle,  hut  from  which  the 
remarkable  waterproofing  called  "  Kaki-no-shibu,"  a  fermented 
product,  is  made;  a  new  pine  (No.  306S8),  wliich  grows  to  a  height 
of  200  feet  and  has  cones  12  inches  loi^,  discovered  by  Mr.  Greoige 
Forrest  in  the  Lichiang  mountain  range  of  western  Yunnan;  a  lemon 
variety  (No.  30737)  from  an  altitude  of  4,000  feet  in  the  Himalayas, 
which  is  not  injured  by  the  snowfalls  and  rather  severe  frosts  of  that 
region;  a  shrubby  fruit  plant  of  the  annona  family  (No.  30835)  from 
British  West  Africa  that  is  burned  to  the  ground  each  year  and  may 
adapt  itaelf  to  the  annual  freezes  of  Texas  and  northern  Florida; 
Sorb-US  tormiiialia  (No.  30892)  from  southern  Russia,  which  is  sug- 
gested by  Mr.  Theo.  Kryshtofovich  as  a  stock  for  the  pear  on  account 
of  its  remarkable  drought  resistance;  seeds  from  good  fiber-bearing 
varieties  of  the  New  Zealand  flax  (Nos.  30831  and  30832)  from 
Auckland;  two  species  of  passifloras  from  the  Caucasus  (Nos.  30902 

"'  Di,..„b,Gooylc 


10  SEEDS  AND  lO^NTB  IHPOBTED, 

and  30903)  and  one  from  Uruguay  (No.  31207)  for  the  use  of  any 
breeder  who  will  undertake  the  hybridization  of  the  maypop;  the 
remarkable  akala  berry  from  Hawaii  (Rvinis  maeratx,  No.  3oi907),  with 
fruits  2  inches  in  diameter,  of  a  deep-red  color,  and  with  an  agreeable, 
slightly  bitter  taste,  also  imported  for  breeding  purposes;  hud  sticks 
of  seven  of  the  standard  commercial  varieties  of  the  Spanish  carob 
(Nos.  30914  to  30920),  a  fodder  tree  of  decided  importance  for  the 
cheap  lands  of  California;  a  remarkable  collection  of  29  varieties  of 
Medicago  (Nos.  30992  to  31024)  and  14  of  clover  (Nos.  31043  to 
31057)  from  St.  Peterahurg;  77  varieties  of  rice  from  the  Philippines 
(Nos.  31116  to  31192);  a  tropical  leguminous  plant,  Sphenostylis  (No. 
31194),  which  forms  edible  tubers  with  a  taste  similar  to  that  of  the 
potato;  the  Palma  de  Chile  (Jviaea  chU^iais,  No.  31097),  a  drought- 
resistant  palm  which  is  rapidly  being  exterminated  by  the  manu- 
facturers of  Miel  de  Palma,  a  much-sought-for  ainip  which  is  made 
from  its  sap;  and  two  unusual  forms  of  the  potato  (Noa.  31230  and 
31231)  from  10,000  feet  altitude  in  the  interior  of  Peru,  where  they 
are  cultivated  by  the  Hill  Indians  of  the  Perene. 

As  heretofore,  the  inventory  has  been  compiled  by  Miss  Mary  A. 
Austin  and  the  botanical  identifications  and  the  notes  on  geographic 
distribution  have  been  prepared  by  I^fr.  H.  C.  Skeels  under  the  gen- 
eral direction  of  Mr.  Frederick  V.  CoviUe,  of  the  Office  of  Tazonomio 
and  Range  Investigations.  With  regard  to  these  gec^raphic  notes 
it  should  be  pointed  out  that  they  give  only  the  distribution  of  the 
species  as  recorded  in  the  available  literature  and  no  pretense  is  made 
to  an  exhaustive  investigation  of  the  distribution  of  any  of  the 
species. 

David  Faibcuild, 
AgrieuUvral  Explorer  in  Charge. 

Office  of  Foeeign  Seed  and  Plakt  Intboductton, 

Washington,  D.  C,  December  SO,  1911. 
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30463.     Chatota  EDm.i8  Jacq.  Chayote. 

Fn>m  Alg^en,  Algeria.    Pieeeiited  by  Dr.  L.  Tnbut.    Becaived  April  1, 1911. 
"  Cha^oUe  verte  grotH  (lai^  gmen  chayote).     This  variety  is  very  atroug  and  very 
fruitful."     (7>a6ii/.) 

These  aie  apecimeaa  of  the  atrain  annually  exported  from  Algien  in  very  large  quan- 
tjtiee  to  the  laiger  dtiee  of  Europe. 

30463.     FBtJNUs  ABHENiAOA  L.  Apiicot. 

From  Tai  Misg  Fu,  North  China.    Fieeented  by  Ifr.  Hraace  W.  Houlding.    Be- 
c^ved  at  the  Plant  Introduction  Gaiden,  Chico,  Gal.,  March  27,  1911.    Num. 
bered  April  1, 1911. 
'"Iliis  apricot  IB  called  the  Mammoih."-    {SovlSmg.) 
30464  to  30466.    Sacchabuu  offioinabuh  L.  Sugar  cane. 

From  Tainan,  Formosa,  Japan.    Fieeented  by  Ur.  Takiya  Kawakami,  Bureau  oi 
Productive  Industry,  Government  of  FatawfA,  Ti^hoku,  Formosa,  Japan. 
B«ceiv«d  April  1,  1911. 
Plants  of  the  following: 

30464.     Ckiht-dia.  30466.    Rtt^Aa. 

30400.    Atir^Jia. 
See  No.  28193  for  purpose  tor  which  introduced. 

30467  and  30468.    Vms  tinipeba  L.  Qrape. 
From  Tiflie,  Trans-Caucasia,  Bussia.    Presented  by  Ur.  A.  BoUofF,  director, 

Tiflia  Botanical  Garden.    Beceived  April  1, 1911. 
Cattily  of  the  following: 

80467.     TavHt.  80468.    Knl-vjum. 

"The  froitB  of  theee  table  variedea  bear  transportation  very  well."    (EoOaff.) 

30468  to  30472.    CucuHis  uelo  L.  Muskmelon. 
From  Diarbekr,  Kurdistan,  Asiatic  Turkey.    Presented  by  Mr.  W.  W.  Mastei^ 

eon,  American  consul,  Khaiput,  Asiatic  Turkey.    Received  April  1, 1911. 
Seeds  tA  the  following  winter  varieliee;  notes  by  Mr.  Muterson: 
S0468.    "Elongated;  coarse  network;  greenish  white  interior." 
80470.    "Lai^  size;  ball  ahaped;  fine  network;  greeniah  white  interior.'' 
30471.     "Ball  shaped,  but  sectioned;  yellow  exterior;  white  interior." 
30473.    "Ball  shaped;  fine  network;  greenish  while  interior;  medium  size." 
30473.  Phoenix  dactylifbba  L.  Date. 

From  Fez,  Morocco.     Presented  by  Ur.  3.  Thomson,  Hotel  Reina  Cristina,  Alge- 
ciiaa,  Spain.    Beceived  April  4, 1911. 
TctfUeU.    See  No.  18630  for  dMcripdon. 
SMds. 
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30474.     NiooTiANA  TABACUM  L.  Tobacco. 

From  Orizaba,  Vera  Cruz,  Uexico.    Freaented  by  Hr.  George  Young,  secretary, 
The  Cananea  Consolidated  Copper  Co.,  OananeSi,  Sooora,  Mexico,  who  pro- 
cured it  from  QuBtavo  Mayer  y  Cla.,  oi  OriEaba.    Received  April  3,  1911. 
San    Critlobal.    "ThiseeediBfromoneof  thebeetplaotationsof  the  ValleNadonal 
and  produces  about  the  highest  grade  erf  Mexican  tobacco.    It  was  gatbered  from  plan  ta 
Bpedally  cultivated  for  seed.    The  nursery  was  made  in  the  latter  part  of  August  and 
tiie  plants  were  transplanted  on  the  1st  of  October.    They  sufiered  from  no  disease  or 
insects.    The  original  seed  came  from  Havana  about  20  years  ago,  but  this  is  the  fint 
tame  that  seed  has  been  gatlierod  from  special  plants."    (Sustovo  Uayer  y  Cia.) 

30476  to  30477. 

From  Piradcaba,  Brazil.    Freeented  by  Prof.  Clinton  D.  Smith,  Escola  Agricola 

Fratica  Luiz  de  Queiro.    Beceived  April  &,  1911. 
Seeds  of  the  foUowing;  quoted  notee  by  Prof.  Smith: 

8047B.    CABSAifiNU  PBCTiM&TA  Cav.  "Tara-taxa." 

Dittribution. — In  the  vidnity  of  Popayan,  Colombia,  and  in  Peru  and  Brazil. 

30476  and  80477.    Paroiux  ouajata.  I>.  Ouava. 

50476.  "From  selected  fruits  (rf  white-fleehed  guavas." 

50477.  "Seed  from  ted-fleehed  guavas." 

30480.  Spondias  lutea  L.  Hog  plum. 
From  Rio  de  Janeiro,  Brazil.    Presented  by  Mr.  Antonio  Augusto  Fereira  da 

Fonseca.    Received  April  5,  1911. 

"Caja.mirim.    Fruit  edible."    (Fonteea.) 

J)i»tribtUum. — From  the  provinces  of  Yucatan  and  Tabasco  in  eouthem  Mexico 
southeastward  through  Central  America  to  Colombia  and  northern  South  America  and 
in  the  West  Indies. 

30481.  Tbifoliuh  suatbolens  Willd.  Shaftal. 
From  Tifiis,  Caucasus,  Russia.    Freeented  by  Dr.  Richard  Schmidt,  aeaiBtaiit 

director,  Caucasus  Museum  and  Public  Library.  Received  March  30,  1911. 
"This  plant  grows  on  comparatively  xerophilous  places,  which  receive  water  almost 
only  in  the  spring  from  rainfalls  and  floods.  It  is  very  fragrant,  so  that  one  can  notice 
the  blooming  clover  meadows  a  kilometer  away  by  the  sweet  odor.  The  soil  on  which 
it  grows  is  a  light,  warm,  penetrable,  yellow  loam,  a  sort  of  loess.  It  contains  lime, 
clay,  and  silicic  acid."     (Sdtmidt.) 

30483.    Amtqdaltjs  sp.  Chinese  flat  peach. 

Finm  about  50  miles  southwest  of  Tsinan,  Shantung,  China.    Freeented  by  Mr. 

T.  B.  Neal,  Union  Medical  College,  Tsinan.    Received  April  8, 1911. 

Feidieng.     "This  is  a  large,  luscious  cling,  very  much  esteemed  by  the  Chineee. 

t  had  to  depend  upon  the  word  of  the  man  I  sent  down  into  the  country  to  buy  these 

cuttings  to  guarantee  their  genuineness,  so  I  send  them  with  all  reserve,"    (JVmI.) 

See  Nob,  21989  and  29991  for  previous  introductions. 
80463.    ZiNziBBs  OFFICINALE  Rosc.  White  ginger. 

From  Weihsien,  China.    Presented  by  Ur.  A.  H.  Mat«er.    Received  April  8, 
1911. 
"This  is  planted  in  ground  that  has  been  spaded  to  (he  depth  of  nearly  a  foot,  but 
which  is  firm  and  solid  underneath.    This  is  to  keep  it  from  sending  out  rootlets  deep 
2«  ..Otli^lc 
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down  and  lead  the  Htrength  of  the  plant  to  producing  tuben,  like  the  efiect  on  a  pot- 
bound  plant  of  muHng  it  do  something  beoides  make  rootletB.  The  ground  should  not 
be  too  dry,  and  this  kind  of  soil  will  be  all  right  without  watering,  except  at  first.  In 
OUT  region  (latitude  of  Kentucky)  it  is  planted  in  trenchee  dug  as  described,  in  April, 
in  black  and  eandy  aoil  (that  is  what  the  man  said,  though  it  eeenu  to  me  like  a  con- 
tndiction),  and  the  ground  is  not  enriched.  It  is  dug  in  the  autumn.  The  price 
DOW  (March  4)  is  about  5  crats  a  pound,  but  two  months  ago  it  was  lees  than  3  cents, 
Mid  in  a  month  or  two  it  will  be  twice  as  much."    ( Jfotor.) 

80486.     AiTNONA  sp.  Annona. 

From  Para,  Brazil.  Presented  by  Ur.  Walter  Fischer,  acting  director,  Oampo 
de  Cultuis  Experimental  Pusense.    Received  April  7, 1911. 

"About  three  years  ago  Dr.  J.  Huber  brought  the  original  eeed  oi  this  from  the 
River  Purusi  a  year  ago  I  planted  several  of  the  young  trees  on  the  station  grounds 
and  the  seeds  are  from  fruits  from  these  trees. 

"  The  fruit  is  almoet  spherical  and  only  slightly  heart  shaped ;  it  is  smooth  and  of  a 
greenish  orange  color;  weight  about  S  ouncee;  meat  of  a  beautiful  orange  and  in  fair 
quantity;  taste,  like  that  of  all  the  annonas,  difficult  to  describe,  but  with  a  suggestion 
of  roein,  and  not  unlike  some  apples  I  have  eaten;  probably  capable  of  improvement, 
and  fruits  may  become  larger  ou  older  trees.  The  tree  in  general  a«pect  as  well  as  in 
its  bark  and  foliage  stron^y  resembles  the  persimmcm."    {FitiJur.) 

80187.     Fassuxoba  uouiabis  Juas.  Passioii  fruit. 

Frpm  Oriiaba,  Vera  Ctuk,  Mexico.  Preeenled  by  Hr.  William  W.  Canada, 
American  consul.  Vera  Gnu.    Received  April  10, 1911. 

S0488.     ZiziPHCs  JTJJUBA  Miller.  Jujube. 

From  Cbingchowfu,  via  Eiaochow,  China.    Presented  by  Hr.  W.  M.  Eayee, 

Gotch-Robinsan  Union  Theological  College.    Received  April  10, 1911. 

"CuttingBof  the  largest  variety  of  Chinese  dates  that  I  could  hear  of.    The  Chinese 

claim  that  they  are  not  CASy  to  graft  successfully,  so  they  will  have  to  be  given  the 

beet  ponible  chance."    (fi^ei.) 

90481.     Spondiab  pinkata  (L.)  Kutz. 

From  Sibpnr,  Calcutta,  India.    Presented  by  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.    Received  April  11,  1911. 
Di»trAution.—A  small  tree  occurring  both  wild  and  cultivated  throughout  India 
frcHU  the  Indus  eastward  and  southward  to  Makkka  and  Ceylon,  rising  to  an  eleva- 
tion of  6,000  feet  in  the  Himalayas;  cultivated  throughout  tropical  Asia. 
S049S  to  30494. 

From  Panama.  Collected  by  Mr.  H.  Pittior,  Bureau  of  Plant  Industry.  Re- 
ceived April  13, 1911. 

80492.    Rhekdia  bduus  (Seem.)  Flanch.  and  Triana.  Sastrs. 

See  No.  27485  for  description. 
Seeds. 
SOWS.    Absacacia  xanthoerbiea  Bancr.  AxracatAia 

Prom  Chiriqui. 
Tubers. 
804M.    Fkbbju  ep.  Avocado. 

"A  wild  species  of  avocado  which  may  be  a  good  etock  tor  grafting  the 


finer  vuietiee."    (PiOUr.) 
Seeds. 
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80405.     Spondias  oytherea  Sonnerat.  We  trult. 

This  plant  has  generally  been  known  imdw  the  name  Spondiat  daleu  Forater, 
which  was  published  in  17S6  (De  Flantis  Esculentis,  p.  33).    Mr.  F.  J.  Wester 
has  called  attention  to  the  publication  in  17S2  of  SpondioM  eytherta  Sonnerat 
(Voy^e  aux  Indes  OrienttileB  et  a  la  Chine,  vol.  2,  p.  222,  pi.  123),  and  as  this 
is  undoubtedly  the  same  species  as  the  one  described  by  Fneter,  the  earlier 
name  should  be  used. 
From  Brisbane,  Queensland,  AuBftalia.    Presented  by  Mr.  J.  F.  Bailey,  ditector. 
Department  of  Agriculture  and  Stock.    Received  April  11,  1911. 
See  No.  26470  for  description. 
'30486.    Maihoenia  poBPPion  (Otto)  Philippi. 

From  Chile.  Received  through  Ur.  loet  D.  Husbands,  LimavidSi,  via  Molin&, 
Chile.  Received  April  13,  1911. 
"Opuntia  moAuen  (Herba  del  Gunaco).  A  valuable  plant  for  industry  and  orna- 
ment. Grows  in  dry,  worthlees,  sandy  waste,  where  nothing  else  will  grow,  llie 
skinned  plant  and  fruit  are  eaten  as  a  refreshment.  The  plant  contains  an  extra 
laige  quantity  of  gum,  which  I  believe  to  be  of  industrial  use  and  value.  It  com- 
pletely covers  the  loose  sand  for  about  a  meter  in  diameter.  Collected  from  the 
drifting  aands near  the  Volcano  Antuco."    {Hmbantb.) 

30407.  DiosPTKOS  tessellabia  Foir. 

From  Port  Louis,  MauritiuB.    PresentAd  by  Mr.  Gabriel  B^nard.    Received 
April  10, 1911. 
See  No.  30139  for  previous  introduction. 

30408.  Warnebia  auousta  Stickman.  Oape  jasmine. 

(Herbarium  Amboinenae,  in  Limueus's  Amoenitates  Academicae,  vol.  4,  1759, 
pp.  136, 138.) 

The  Cape  jasmine  hag  heretofore  been  listed  in  the  Inventories  as  Oatdema  jatmi- 
noida  Ellis  (Philosophical  Transactions,  vol.  51,  1761,  p.  936,  pi.  23).  The  following 
quotation  from  Ellis's  article  throws  considerable  li^t  on  this  name: 

"  In  July,  1T5S,  1  procured  a  specimen  from  Mr.  Warner,  for  my  friend.  Dr.  Lin- 
ukub'b  opinion.  At  the  same  time  I  wrote  to  the  profeeaor  [Linnfeus]  that  if  he  found 
it  to  be  a  new  genus,  agreeable  to  the  description  I  had  sent  him,  that  he  would 
please  to  call  it  Wameria  after  its  worthy  poBseBsor  [Richard  Warner,  of  Woodford,  in 
the  county  of  Essex,  England,  the  author  of  Plantae  WoodfordienBeB,1771].  ■  •  ■- 
But  Mr.  Warner,  refusing  to  have  it  so  called  and  choosing  that  it  should  still  remain 
a  jasmine,  aa  it  is  commonly  caUed,  I  have  thou^t  of  no  man  more  worthy  ao  a 
botanist  than  our  friend  Dr.  Garden;  accordingly,  the  profeeaor  has  agreed  to  adopt 
this  new  genus  by  the  name  of  Gardenia." 

However,  tlte  generic  name  Wameria,  auggeeted  by  Ellis,  was  actually  published 
by  Stickman  two  years  before  llie  publication  of  Gardenia.  It  was  based  on  the 
plant  described  and  figured  by  Burmann  (Rumpb's  Herbarium  Amboinense,  vol.  7, 
1755,  p.  26,  pi.  14}  with  the  specific  name  oufiuCa  (spelled  Pammaau^uitaon  p.  136, 
and  Warrteria  angtuia  on  p.  13S).  This  description  and  plate  are  generally  accepted 
as  applying  to  the  Cape  jasmine,  and  were  cited  by  Limueua  in  the  first  place  in 
which  he  described  the  plant,  under  the  name  Gardmia  fiorida  (Species  Plantarum, 
ed.  2, 1762,  p.  305).  Under  present  rules  of  botanical  nomenclature  this  use  of  the 
binomial  Wameria  augutta  uid  the  citation  of  a  ineviouely  published  description 
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raatitutes  botanical  publication,  and  it  is  therefore  Deceesary  to  use  Hub  name  tor 

Ae  Cape  jumioe. 

Fnm  Eutiog,  China.  Preaented  by  Mra.  Jt^n  Berkin.  Received  March  1, 1911. 
"Seeds  of  the  favorite  epritig  flower  oE  the  Chinese.  In  drying,  the  seede  stain  the 
ptfier  a  brigbt  yellow,  which  ia  indelible,  as  I  found  on  my  fingers.  The  Chinese  use 
■tin  producing  their  yellow  dyes.  The  bush  is  graceful  and  evergreen;  the  leaveeare 
oblmg;  the  flowers  resemble  a  double  white  camellia,  but  with  most  exquinle  per- 
Auae.  It  is  a  profuse  bloomer,  the  flowers  maturing  before  Ihe  leaf  buds,  tmng  oat 
of  the  mrliest  spring  flowern. 

"The  seed  pods  are  very  much  like  those  of  the  rose,  but  a  bri^t  onmge  yellow  in 
color,  and  are  quite  ornamental  on  the  bush  among  the  leaves.  Chinese  name  is 
Romanized  CAt-tse  flower."    (Bertm.) 

S(H99.    Mtatus  ARA.YAN  H.  B.  K.  Arayan,  or  arrellano. 

Fnun  Mazatlan,  Mexico.  Collected  by  Mr.  J.  M.  Goulding.  Presented  by  Mr. 
F.  W.  Fopenoe,  Altadena,  Cal.    Received  April  10,  IBll.  I 

"This  tree  grows  to  be  20  lo3S  feet  high,  the  trunk  sometimes  IS  inches  in  diameter, 
with  anooth  gray  bark  and  erect  branches.  It  seems  to  be  cultivated  somewhat 
eitenmvely  io  Mexico.  Fruit  is  greenish  yellow,  with  a  laige  irr^;ular  disk  at  the 
b^  ud  a  smooth  nutlet  in  the  center;  very  juicy  and  said  to  have  a  rich,  spicy,  sub- 
Kid  flavor.  One  of  the  popular  soft  drinks  of  the  country,  said^to  be  very  refreshing, 
ia  made  from  it."  (fio»e,  J.  N.  NoM  an  Vteful  PlanU  o/  Mexico.  Contriinttvmi 
fi^n  n,  S.  ffatvmal  Baiarium,  vol.  6,  no.  4.) 

Wrtrifrurioji. — From  Panama  southward  to  Peru. 

30600  to  30603. 

From  central  Asia.    Presented  by  Dr.  Isaac  Bayley  Balfour,  director,  Royal 
Botanic  Garden,  Edinburgh,  Scotland.    Received  April  14, 1911. 
Seeds  of  the  following: 

80SO0.    HoKDiUK  viTLOAitK  L.  HuU-Imb  baile;. 

Variety. 
80001  and  S0B02.    Arocmvu  bbkdersoni  Hook. 
"Thisyieldsthefiber  from  which  the  people  latgely  make  rope."    (Balfour.) 
One  or  two  of  the  cential  Aman  species  of  this  genus  give  fiber  especially 
suited  {(suae  in  paper  making,  and  thismayalso  prove  of  value  for  this  purpose. 

SOfiOl.    Brown  fiber.  30008.    Wlute  fiber. 

8O0OS.    Cankabib  sativa  L.  Hemp. 

Female.  ^  , 

306O(.     Mbdicaqo  satita  L.  Mfalfa. 

PnHU  Pretoria,  Ttausvaal,  South  Africa.    Presented  by  Prof.  J.  Burtt  Davy, 

agteetelogist  and  botanist,  Transvaal  Department  of  Agriculture.    Received 

April  17,  1911. 

"Chinese  lucem.    This  variety  is  described  as  growing  equally  well  on  hillsides 

■od  in  valleys,  even  at  high  altitudes,  where  it  is  mid  to  attain  a  height  of  4  or  6 

Cwt.    It  is  also  nid  to  thrive  in  very  salty,  mardiy  land.  *t  am  unable  to  vouch  f(v 

the  coitectnen  of  these  statements,  but  the  plant  seems  to  be  worth  trial,"    (Davy.) 
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30505  and  30606.    Hordeuu  spp.  Barley. 

From  Pret^Ria,  Transvaal,   South  Afriia.     Presented  by  Prof.  J.   Burtt  Davy, 
Hgrostali^iBt  and  botanist,  Transvaal  Department  of  Agriculture.    Bec^ved 
April  17,  1911. 
Seeds  of  the  following: 

30505.  HoBDBUH  sp. 

30506.  HoRDBDM  vuLOARB  TiuPDRCATm  (Schlecbt.)Beavcn. 
30608.    Laeix  LEproLEPis  (Sieb.  and  Zucc.)  Gord. 

Japanese  larch. 

Ftom  Copenhagen,  Denmark.    Presented  by  Mr.  S.  T.  Dana,  Acting  Chief  of 
Silvics,  Forest  Service,  U.  S.  Department  of  Agriculture,  who  procured  it  from 
Mr.  Johannes  Rafn.    Received  April  17,  1911. 
See  No.  6672  f<x  previous  introduction. 

DutrSnition. — Slopes  of  the  mountains  in  northern  and  central  Japan  extending 
from  Hokushu  southward  to  tho  r^on  around  Yokohama. 

30509.     Magnolia  oahpbellii  Hook.  f.  and  Thorns.        ACagnolia. 
From  Sibpur,  Calcutta,  India.    Purchased  from  Maj.  A.  T.  Gage,  superinteod- 
eut,  Boyal  Botanic  Garden.    Received  April  17,  1911. 
See  No.  28660  for  previous  introduction. 
Plants. 
S0510.    MttsA  BASJoo  Sieb.  and  Zucc.  Hantain. 

From  Chiddingfold,  Surrey,  England.    PurchaBed  from  V.  N.  Gauntlett  &  Co, 
(Ltd.).     Received  April  17,  1911, 
"This  is  not  hardy  at  Kcw,  but  in  the  southwest  of  England  (Cornwall)  it  can  be 
grown  in  the  open  air,  though  even  there  it  runs  risks."    (Dr.  David  Prain,  director. 
Royal  BolanieQardena,  Kew,  Enghmd.) 

Dittribution.—lTi  the  Nanaei  Archipelago  and  also  cultivnted  in  the  southern  part 
of  Japan. 

30511.     Ltcoris  aukea  (L'Herit.)  Herbert. 

From  Yachowtu,  Szcchwan,  China.    Presented  by  Ur.  C.  A.  Salquist  at  the 
request  of  Mr.  H.  J,  Openshaw.    Received  April  22,  1911. 
"Bulbs  of  a  yellow  lily,     I  have  not  seen  this  particular  kind  of  a  lily  in  America, 

but  it  may  be  quite  common."    {Salquitl.) 

t>wtrihtii.iQj^.-^k  bulbous  plant  found  in  tho  provinces  of  Kiangsu  and  Hupeh  in 
China,  aIfi^^B*1^B(ed  in  Japan. 


30618.  a^nqagM  tebum  Hemal.  White  rubber. 

Caucho  bianco. 
liVom  the  plantation  "  la  Tigra, "  Cuesta  de  Tocota,  on  the  road  from  Call  bo  Buena- 
ventura, Colombia,    Procured  by  Mr.  Henry  J.  Eder,  former  American  con- 
sular agent  at  Call,  Colombia;  forwarded  through  Hr.  Charles  H.  Small,  Ameri- 
can vice  and  deputy  consul  general,  Bogota,  Colombia.    Received  April  19, 
1911. 
See  No.  24640  for  description. 
Seeds. 
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80613.     NicoTiANA  TABACTTM  L.  Tobscco. 

From  Hanicaiagua,  Santa  Cl&ra,  Cuba.    Freeent«d  by  Mr.  Frsnciaco  A.  Montero, 
SantA  Clara,  Santa  Clara  Provmce,  Cuba.     Received  April  18,  1911. 
"CottBidered  by  experts  of  thia  country  as  the  beat  variety  of  tobacco  in  the  island 
of  Cuba. "    ( Jiontero.) 

30S14.     Castilla  panahensis  Cook.    Central  American  rubber. 

From  Panama.     Collected  by  Mr.  H.  Pittier,  Bureau  of  Plant  Induetry.     Re- 
ceived April  20,  1911. 
One  of  the  six  rubber-producing  trcca  of  this  genus  native  to  Panama,  wtiere  it  was 
collected  by  the  Smithsonian  Institution  Biological  Survey  of  the  Canal  Zone. 

Seeds. 
30615.     Fassifloba  eduijs  Sims.  Pas^on  fruit. 

From  Raiatonga,  Cook  Islands.    Presented  by  Mr.  North  Winship,  American 
consul,  Tahiti,  Society  Islands.    R«ceived  April  20,  1911. 
"These  fruits  are  not  grown  in  Tahiti,  but  are  imported  as  a  table  fruit."    (Win- 
thip.) 
30516  to  30»ai. 

Rwm  Buitenzorg,  Java.     Presented  by  the  Director  of  Agriculture.     Received 
April  21,  1911. 
Seeds  of  the  following: 

30016  and  30517.    Tauuua  uuTABais  Blume. 

30Bld.    S«e  No.  28794  for  previous  introduction. 
30B17.    Variety  longifoiia. 
30B18  to  80521.    Djosm-Ros  spp. 

These  species  were  introduced  for  the  work  of  testing  all  the  procurable 
species  of  this  genus  as  stocks  for  the  better  varieties  and  for  breeding  purposes. 

30018.      DiOSPYBOS  DISCOLOR  Willd. 

30519.    DtosPYROS  sp. 

30530.    DiosPTROS  caulii^ora  Blume. 

Diitribulvm.—kt  an  elevation  of  500  feet  on  the  calcareous  mountains 
in  the  province  of  Bantam,  Java. 
30521.    DiosFTROs  HACROPHrLLA  Blume. 
DUtHbulion. — On  the  slopes  of  the  mountains  in  the  island  of  Java. 
30522  to  30584. 

From  Tiflis,  Caucasus,  Rusia.    Presented  by  Mr,  A.  Rollofi,  director.  Botanic 
Garden.     Received  April  18,  1911. 
Seeds  of  the  following: 

8002S.    Pabomia  coraluna  Retz.  Peony. 

Vvtrihution. — Central  and  southern  Europe,  and  eastward  to  Armenia  and 
northern  Perma. 

80623.  Faeonia  ULOKOSEwrrsc&i  Lomakin.  JPeony. 
See  No,  27G74  for  previous  introduction. 

80624.  Cabtalia  alba  (L.)  Greene.  Water  IQy. 
Dvtnbutiim. — Lakes  and  slow  streams  throughout  Europe,  and  in  nortbem 


and  central  Asia. 
30224"— Bui.  242—12- 
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30623  to  30S84.-Coiitmued. 

30525.    Pajavkb  orientals  L.  Poppy- 

Dutributitm. — Throughout  the  Caucasus  region  and  northern  Fereia;  geneially 
cultivated. 
30626.    Craube  okientaus  L. 

Dutrt&utwm. — Aaia  Minor,  Kurdistan,  and  eaetward  through  northern  Syria 

30527.    TAJiABtz  BOHEHACEBRi  Bunge.  Tamcuiak. 

I>i»trHnaion. — Saline  r^ons  in  the  vicinity  oi  Tiflia  in  the  Caucasus  region. 
30028.    TiLiA  FLAVA  Wolny.  linden. 

Distribution.— Oa  the  slopes  of  the  Balkan  Mountaina  in  Bulgaria  and  Bos- 
nia, and  in  Asia  Minor. 
30529.    Ekodiuv  cicokiuk  (Juslen.)  Willd. 

Diilribution. — The  countries  bordering  on  the  Meditemknean  from  Spain  and 
Italy  eastward  to  Syria. 

30630.  Erodiuu  oxfrbikcbuu  Bieb. 

Dittribulion. — Sandy  hillsides  in  the  Caucasus  region  and  eastward  through 
northern  Peraia  to  Turkestan. 

30631.  Acer  trautvetteri  Medw.  Uaple. 
Distribution. — The  Caucasus  K^on  of  southeastern  Russia   and  northern 

Persia. 

30532.    AcRR  INSIOKB  Boiss.  and  Buhse.  Hsffla. 

Ditlrihiiion. — Ou  the  slopes  of  the  mountains  in  the  provinces  of  noiliieTn 
Persia  bordering  on  the  Caspian  Sea. 

30633.  Acer  laetuu  Meyer.  Uapla. 
Dittribulion. — In  woods  in  Armenia  and  the  northern  part  of  Persia, 

30634.  Staphylea  pinnata  L.  Bladder  nut. 
Dittribulvm. — Southern  Europe  and  western  Aaia  extending  ^m  Germany 

and  Italy  eastward  to  the  Caucasus  region  and  to  Syria. 

30636.    EtroHTUua  eurofabub  L.  Spindle  tree. 

See  No.  2660  for  previous  introduction, 

i>ijHbulion,— Throughout  Europe  aikd  eastward  to  the  region  of  the  Ural 
Mountains  in  Siberia. 
30636.    Rhaknuh  catharticxts  L.  Porginf  budcthoTD. 

See  No.  30246  for  previous  introductitm. 
80637.    Rhahnus  branoula  L.  Alder  buckthorn. 

See  No.  30248  for  previous  introduction. 

30538.  Rbauhus  iherbtihus  Booth.  Bucktliom. 
Dittribulwn. — The  province  of  Kara  in  the  Tians-Caucasian  r^on  of  south- 
eastern Russia. 

30539.  Trifouoh  artehsb  L.  Babbit-foot  cIotot. 
See  No.  9761  for  previous  introduction. 

30640.  Tbifouuh  sfumosuh  L.  CIotot. 
See  No.  30102  for  previous  introductjon. 

30641.  TsiPOLiuii  TUHENS  Stevens.  OIotot. 
i>wtri&utton.— In  low  fields  and  on  mounttun  slopes  in  the  Caucasus  region. 
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S3  to  30684^-Coi)tinue(l. 

30545.  TmrouuM  akbiouuh  Bieb.  Clover. 
DiitribtUum. — Hi^  fielda  and  lover  alpine  alopee  of  the  mountuns  in  the 

CaucamiB  region,  and  in  Armenia. 

30543  and  30B44.    Trvolium  filivormb  L.  BuckUng  caov«r. 

See  No.  20662  for  previoua  introduction. 
S054B.    HBULOTva  neapoutana  Tenore. 

Dittribution. — The  countriee  bordering  on  the  Mediterranean  from  Spain  and 
Bouthem  France  through  Italy,  the  Balkan  Peninsula,  and  A^ia  Minor  to 
Persia,  and  in  northern  Africa. 

30546.  Cahaoana  OBANniPLORA  DC.  SiberlAU  pea  tree. 
Dittributum. — On  dry  hilUides  in  the  Tran«-Caucaaian  region  of  Buasia,  and 

in  Armenia,  and  the  region  around  the  Caspian  Sea. 
SO&47.    AaTRAOALUs  cruciatl's  Link. 
Dulritnition.—Iti  dry  and  rocky  fields  in  Asia  Minor  and  Syria. 

30548.  ASTRAQALUa  uamosub  L. 

See  No.  30108  for  previous  introduction. 

30549.  ASTSAOALUS   VICIAKfOUUS   DC. 

Dittribution.^The  Caucasus  rc^on  of  Runia  and  in  Asia  Minor. 

30550.  AsTBAOALUS  DENSiPOUua  Lam. 

DittribiUion. — On  the  subalpine  elopee  of  the  mountains  in  Armenia. 

30551.  AsTRAOALDS  HOLUS  Bieb. 

Dittr^mlion. — Arid  places  in  the  C^ucbbub  region  and  in  Armenia  and  western 

30552.  ASTRAOALDS  QALEOiroRina  L. 
See  No.  4140  for  previous  introduction. 

Dittributum. — Slopes  of  the  mountains  in  the  Trans-Caucaaian  regiion  and  io 
Armenia. 
30663.    AerKAQALDS  schahbudbmsis  Bui^e. 

Diitribvtion. — Hie  provinces  of  northern  and  cential  Persia ;   especially 
frequent  in  the  viciitity  of  Teheran. 
30554.    ASTBAOALVS  valoatuh  I^m. 

See  No«.  20708  and  20727  for  previous  introductions. 

I>ittTibtttion.-~-TbB  Caucasus  r^on  of  southern  Russia,  the  region  of  the  TJral 
Mountains  of  Siberia,  and  in  Armenia. 
80555.    AsTRAaALDs  cbphalotbb  Pallas. 

DittTibutiim.—Tbe  Trans-Caucanan  region  of  Russia  and  in  northern  Persia. 
30668.    Astragalus  sanquinolbntub  Bieb. 

Distribution.— ^ocky  elopes  of  the  eastern  Caucasus  Mountains  in  north^n 
Fwm. 

30667.  AsTRAOAxna  bracstcarpdb  Bieb. 

Dittribution. — On  the  riopea  of  the  mountains  in  the  Trans-Caucasian  r^on 
of  southeastern  Russia  and  northern  Armenia. 
30568.    VioiA  TBNUiFOUA  Roth. 

See  No.  24465  f(«  prerioiu  introduction. 

30668.  ViciA  BKVUJA  (L.)  Willd.  Bitter  vetoli. 
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30633  to  30684~Continued. 

30S60.    Vicu  HiBaDTA  (L.)  S.  F.  Gray. 

See  Nob.  9237  and  16460  for  pievioiu  introductionB. 

IHttribution. — Europe  and  soudieni  Asia,  extending  trom  Fmnce  and  Ger- 
many eastward  to  Persia  and  northern  India,  and  in  Abyasinia. 
S0D61.    Latbyrus  cicera  L. 

IHttributum. — Waste  places  along  cultivated  fields  in  central  and  aoutheni 
Europe,  western  Asia,  and  northern  Africa. 
30662.  GLEDFFau.  caspica  Deef. 

See  No8.  2733S,  27616,  and  27517  for  previous  introductions. 
80063.    Prunus  kicrocarpa  Meyer.  Obany. 

See  Nob.  27303,  27337,  and  2S946  for  previous  introductions. 
30564.    Pruhub  prostrata  Labill.  Busboliany. 

See  No.  28945  for  pr«vioua  introduction. 
80566.    Laurocerabvs  oppicinalis  Roetn.  Obenr  laurel. 

30566.    Pyeus  nivaus  elabaoripolia  (Pall.)  Schneider,  Wild  pear. 

See  Nos.  27134  and  27670  tor  previous  introductions, 

30067.  Cbatabous  monootna  Jacq.  Hawthorn. 
DittribtUion. — Throughout  Europe  and  northern  Africa  and  eastward  to 

northern  India. 

30068.  Rosa  oallica  L.  Koa«. 
See  No.  28237  for  previous  introduction. 

30660.    Spiraea  byfebicipoua  L. 

Diitribution. — From  the  Caucaaus  region  and  Persia  eastward  to  Mongolia 
and  the  r^on  of  I^ke  Baikal, 
80570.    CoRNUs  AVSTRALXS  Meyer. 

Dittribtaion. — The  provinces  of  eastern  Turkey,  southern  Russia,  Asia  Minor, 
and  northern  Persia  bordering  on  the  Black  and  Caspian  seas. 

30571.     LoNlCBRA  IBBRICA  Bteb. 


30073.    Lalleuantia  iberica  (Bieb.)  Fisch.  and  Meyer. 
See  No.  29932  foe  previous  introduction. 

30073.  Daphne  caucasica  Pallas. 

Dutr^ution, — In  fields  along  streams  in  the  Caucasus  region  and  in  nortliem 

30074.  Elabaohub  anouotipolia  L.  Oleoater. 
30576.    Cbltis  caucasica  WiUd. 

Dtttribufton.— On  mountain  slopes  in  Armenia  and  in  northern  Persia. 

30576.  Faotts  orientalib  Lipsky.  Caucasian  beeob. 
See  No.  27662  for  previous  introduction. 

30577.  PoptTLiTB  TRBMULA  L.  Aspan. 
See  Nob.  29098  and  29367  for  previous  introductions. 
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30622  to  30684— Continued. 

8O078.    Ibib  kobulmanioa  Fomm.  (7)  Iria. 

30570.    Iris  ibebica  HoSm.  Iria. 

DvlTibutwn.~ln  the  Caucasus  r^on,  and  tn  Annentn,  and  oorthem  Penia, 
reaching  an  elevation  of  7,000  feet. 
30080.    iKia  ActrriLOBA  Heyer.  Iris. 

Dutribuiion. — On  dry  hillsides  in  the  province  of  Baku,  in  the  Caucasus 
region  of  Houtheastem  Russia  and  southward  to  Teberan,  Persia. 
80681.    Ibis  AcnriLOBA  Meyer.  Iila. 

Variety  biTiuieulala. 
30S82.    Ibis  pumila  L.  Irla. 

DittrOmtion. — Southern  Europe,  extending  from  Austria  and  Dahnatia  east- 
ward to  the  Caucasus  region,  and  in  Siberia. 
80083.    Irib  FLAVE9CBNS  Delile.  Iria. 

JH^rHmlwn. — The  Caucasus  region  of  Russia  and  in  Annenia. 
30B84.    Ibib  pallida  Lam.  Iria, 

See  No.  2S457  for  previous  introduction. 

30686  to  80601. 

From  the  Royal  Botanic  Garden,  Rome,  Italy.    Presented  by  Hr.  Ogleeby  Paul, 
landscape  gardener,  Hwticultuial  Hall,  Fairmount  Park,  Philadelphia,   Pa. 
Received  AprU  11,  1911. 
Seede  of  the  following: 

SOOSa.    Araujia  sebicifbra  Brot. 

Dutribution. — A  climhing,  shrubby  vine  with  email  racemee  of  purple  flowers 
brand  in  Peru  and  in  eouthem  Brazil. 
30088.    Carica  quebcik>ua  (St.  Hii.)  Benth.  and  Hook. 

See  No.  3534  for  deecription. 

Dittributum. — The  southeastern  part  of  Brazil,  and  in  Paraguay,  Uruguay, 
and  Argentina. 

30087.  Ephedra  praoilI8  Deef. 

Diitribution. — A  shrub  found  in  the  countries  at  the  western  end  of  the  Medi- 
temtnean,  extending  from  southeastern  Spain  and  Sicily  to  the  Canary  and 
Madeira  Islands,  Morocco,  and  Algeria. 

30088.  Ephedra  aimsshu.  Deef. 

VillrihilMm. — A  shrub  found  in  fields  in  Mraxicco  and  Algeria. 

30089.  Mallotus  japonicus  (Thunb.)  Muell.  Aig. 

DiatrUnitum.—A  small  tree  occurring  in  the  provinces  of  Hupeh,  Ssechwan, 
and  Ewangtuug  in  China,  and  in  Ftxmoaa,  the  Naneei  Archipelago,  and  in 
Japan. 
SOOOO.    FBDGSDAKttM  VBRTIOIIJ.ABB  (L.)  Mert.  and  Koch. 

I>i»tnbvtion. — Southern  Europe,  extending  from  Fmnce  and  Spain  eastward 
through  Germany  and  Italy  to  Austna^Hungary. 
30091.    PxucEDANtm  OBEOSKUNtTM  (L.)  Moench. 

DitlHlnUum. — Central  and  southern  Europe,  extending  from  Denmark,  Ger- 
many, and  Spain  eBstwud  to  the  Caucasus  region  of  Ruasia. 
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30592.    ZiKZiBEB  OFFioiNALa  Rose.  White  ginger. 

From  Tainftn,  Shantung,  North  China.    Presented  by  iSi.  J.  S.  Whitevii^t, 
Tdn&n  Institute.    Received  April  21,  1911. 
"Theee  specimens  ue,  I  believe,  of  somewhat  better  quality  than  those  fontusly 

sent  (No.  29355)."     (WkUeieright.) 

30693  to  30601.     Gltcike  hisfida  (Moench)  Maxim.      Soy  bean. 
From  Manchuria.    Procured  through  Mr.  Edward  C.  Parker,  Agricultural  Experi- 
ment Station,  Mukden,  Manchuria.    Received  April  19, 1911. 
Seeds  of  the  foUowingi  quoted  notes  by  Mr.  Parker: 

30B93.  "Yellow.  Chinese  name //tianff  tou.  Sample  collected  at  Miuguta, 
in  Kirin  Province,  45°  north  latitude.  Nii^uta  is  a  Chinese  town  about  10 
miles  south  of  the  Trans-Siberian  Railway  and  halfway  between  Harbin  and 
Vladivostok.  The  Ninguta  beans  are  famous  as  seed  beans,  large  quuitities 
being  distributed  among  the  Chinese  in  Eirin  Province  tor  seed  purposes. 
The  date  of  maturity  for  this  variety  is  the  last  week  in  September,  the  crop 
having  occupied  the  land  about  130  days.  This  variety  is  known  U>  have 
been  grown  in  the  Ninguta  district  for  40  years,  or  since  the  time  the  country 
was  opened  for  settlement.  Chinese  state  that  the  variety  is  prized  for  its  tluQ 
skin,  heaTy  weight  per  bushel,  and  its  high  oil  content." 
30684.  "Green.  Chinese  name  Ching  tou.  Sample  collected  at  Ninguta 
(see  No.  30SB3),  No  information  is  available  concerning  time  of  maturity  or 
•  special  qualitjee  of  this  variety.  It  has  been  grown  at  Ninguta  for  about  40 
years." 

SOSOS.  "Big,  round,  green.  Chinese  name  TtA  thing  yvan  tou.  Sample 
collected  at  Antung,  in  southeast  Sbeugking  Province,  40°  north  latitude. 
Antung  is  vest  of  the  Yalu  River,  which  divides  Chosen  (Korea)  and  Man- 
churia. No  infcnnatiou  is  available  concerning  tbe  time  lA  maturity,  special 
qualities,  or  length  of  time  this  variety  has  been  grown  in  the  Antung  region. 
From  my  own  observations,  however,  I  will  say  that  the  green  soy  beans  of 
the  Antung  region  require  more  time  to  mature  than  the  small,  yellow  soy 
beans  of  the  north.  Antung  has  been  settled  by  Shantung  Province  people 
for  about  75  years  and  the  variety  is  doubtless  somewhere  near  the  same  age. 
The  first  recorded  exports  of  soy  beans  from  Manchuria  took  place  from  a  port 
in  this  region  (Takushan)  about  the  year  1830." 

80006.  "Small,  round,  green.  Chinese  name  HaaoAiagyvan  Uru.  Sample 
collected  at  Antung  (see  No.  30595)." 

30597.  "Big,  iron  comer,  green.  Chinese  name  TtA  tie  chiao  ehing  tou. 
Sample  collected  at  Antung  (see  No.  30595)." 

30598.  "Small,  iron  comer,  green.  Chinese  name  Htiaa  tie  duao  ching  tou. 
Sample  collected  at  Antung  (see  No.  30595)." 

80S09.  "Compact,  round.  Chinese  name  Chin  yuem  ton.  Sample  collected 
near  Ninguta.  Probably  the  same  variety  as  tile  'yellow  eoy  bean '  (No. 
30593).  No  description  can  be  furnished  other  than  that  given  under  that 
number." 

80600.  "Compact,  round.  Chinese  name  CAtnyiumfou.  Sample  collected 
at  Shuangchengfu  in  Kirin  Province,  45°  north  latitude.  Shuangchengfu  is 
a  Chinese  town  about  40  milee  south  of  Harbin  on  the  southern  division  of 
the  Russian  railway.  One  of  the  most  extensive  and  fertile  soil  areas  in 
Hanchurin  is  tributary  to  Shuangchengfu.  ^lis  variety  is  undoubtedly  the 
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30593  to  S0601— Continued. 
30600— Continued. 

BUue  common  stock  aa  Noa.  305S3  and  305S9.  It  inaturee  in  about  130  to  140 
days  and  ia  priced  (according  to  Chinese  report)  for  ita  thin  akin,  heavy 
weight  per  buahel,  and  hi^  oil  content.  It  haa  been  grown  in  this  district 
for  about  40  yean." 

306O1.  "Compact,  round.  Chineae  name  Chm,  yuan  toa.  Sample  collected 
ncftr  Fetuna,  aouthweet  of  Haihin,  at  the  confluence  of  the  Nonni  and  the 
Snngari  riven,  about  45°  north  latitude.  Soy  beana  have  not  been  grown 
more  than  15  years  in  this  district  becau^  the  land  was  held  until  recently 
as  an  imperial  preserve.  The  variety  b  doubtless  the  same  common  sbxk  as 
Nos.  30503  and  30599." 

30602  to  30604.     Tbhtcum  aestituh  L.  Wheat. 

From  San  Luis  Potmi,  Mexico.    Preeented  by  Mr.  Wilbert  L.  Bonney,  American 
consul.    Received  April  22, 1911. 
Seeda  of  the  following: 

SOeoa.    Red.  306O4.    Mixed. 

30603.  White. 
"While  San  Luis  Fotoei  ia  not  a  wheat-growing  district,  yet  there  is  acertain  amount 
of  land  to  the  south  and  west  of  the  capital  where  wheat  is  raised,  probably  yielding 
about  200,000  buBhela  within  the  State.  This  wheat  land  extends  southward  and 
westward  into  Guanajuato  and  Jalisco.  The  varieties  of  wheat  raised  are  red,  white, 
and  mixed.  Medium-eoft  red  wheat  is  said  to  give  the  best  results,  and  the  grade 
produced  improves  toward  the  south  of  the  district  mentioned  above."    (Botm^.) 

80606.     CiTBDS  sp. 

From  Bahia,  Brazil.  Presented  by  Mr.  Southard  P.  Warner,  American  consul. 
Received  AprU  24,  1911. 
"Seed  of  Ltmmja  da  Terra.  This  variety  of  citrus  is  used  extensively  at  Bahia, 
the  home  of  the  Bahia  navel  oranges,  as  a  stock  on  which  t«  graft  this  remarkable 
seedlees  orange  which  has  been  so  phenomenally  eucceesful  in  America.  It  isclaimed 
that  the  Bahia  navel  when  grafted  on  this  Bt«ck  thrives  and  bears  better  than  when 
worked  on  the  other  common  citrus  stock  known  as  the  Laranja  langa. 

"There  is  some  doubt  as  to  whether  these  are  really  distinct  varieties  or  simply 
names  given  by  culti\'ator8  to  designate  seedlings  grown  on  the  particular  planta- 
tion from  those  grown  elsewhere."    (Fairdtild,) 

CuttingB  of  this  variety  were  received  and  lialed  under  No.  29165. 
30606  to  30610.     Stifa  spp.  Feather  grass. 

From  Erfurt,  Germany.    Purchased  from  Haage  &  Schmidt.    Received  April  25, 
Iflll. 
Seeda  of  the  follow!:^: 

30606.    Stifa  ELEOANTiseiiiA  Labill. 

Dutribution. — In  the  river  valleys  and  along  the  coast  in  the  provinces  of 
South  and  West  Australia,  New  South  Wales,  and  Victoria  in  Australia,  and 
also  reported  from  Tasmania. 
S0607  and  30608.    Stifa  oraAKTBA  Link. 

Di$tnbiUio7t. — In  sandy  places  in  Portogal  and  Spain,  and  in  the  island  of 
Sicily. 
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80606  to  30610— Continued. 
30606.    Stq-a  pennata  L. 

Dittributum. — Europe  and  weetem  Asia,  extending  from  the  British  Islee 
and  Spain  eastward  to  western  Siberia,  Afghanistan,  and  Armenia. 

SOeiO.      StIPA   BFLBNDBN8  Triu. 

Dutribution. — The  K^on  of  Siberia  east  of  Lake  Bailml. 
30611.    FisTAciA  ATLANTicA  Desf.  Betoom. 

From  Maison  Carree,  Algeria.    Presenled  by  Dr.  L.  Trabut,  Algiers,  Algeria. 
-  Received  April  25, 1911. 
See  No.  9325  for  description, 

30613  and  30613.    Solanum  kigbuh  L.  N^htshade. 
From  France.    Presented  by  Vilmorin-Andrieux  &  Co.,  Paris,  Fmnce.    Beceived 

April  25, 1911. 
Seeds  of  the  following: 

30613.    "Morelle    de    I'lle    de    France    (Mascareigne    BrMe,    nightahade 
spinach)." 

30613.  "Morelle  noire  (nightshade)." 

"The  former  kind,  which  is  cultivated  in  Mauritius  under  the  name  of  Bride,  does 
not  differ  botanically  from  the  com  moo  kind  (morelle  noire),  but  is  more  vigorous  and 
larger  in  all  its  parta."     ( VihiiorinrAndrUux  tt  Co.) 

30614  to  30619.     Pukica  osanatum  L.  Pomegranate. 

Material  furnished  this  office  by  Mr.  T.  H.  Kearney,  Physiologist  in  Charge, 
Alkali  and  Drought  Resistant  Plant  Breeding  Investigations,  Bureau  of  Plant 
Industry.    Numbered  April  26, 1911, 
Plants  of  the  following;  notes  by  Mr,  Kearney: 

30614.  "Green-skinned,  sweet  variety,  from  cuttings  fumidied  by  Miss  Ida 
Munro,  Putnam,  Ga," 

30616.    "Red,  sweet,  from  same  source  as  preceding." 

30616.  "Subacid,  from  same  source  as  preceding." 

30617.  "From  Mexico;  cuttings  furnished  by  Mr.  Alexander  Gaw." 

30618.  "From  Meiico;  cuttings  furnished  by  Seflor  Romulo  Escobar." 

30619.  "Cuttings  from  the  hardy  buA  at  the  east  entrance  of  the  Smith- 
sonian Institution  Building,  Washington,  D.  C." 

30620  and  30621. 

From  Palestine.    Presented  by  Mr.  Aaron  Aaronsohn,  director,  JewiA  Agricul- 
tural Experiment  Station,  Haifa,  Palestine.    Received  April  25, 1911. 
Seeds  of  the  following: 

30620.  CiTRua  lueita  Risao.  Sweet  linae. 
"The  Jaffa  orange,  which  is  the  great  commercial  orange  of  Palestine,  800,000 

cases  being  exported  annually,  is  geneially  grafted  on  this  special  sweet  Ume, 
which  Mr.  Aaronsohn  writes  usisnot  used  eitherin  North  Africaor  in  the  United- 
States.  As  a  stock  this  sweet  lime  requires  less  water  and  produces  trees  yield- 
ing earlier  fruit  than  does  the  bitter  orange."    (FotrcfttC) 

30621.  ZiziFHUB  iujuba  Miller.  Jnjuhe. 
"Anaab,  in  Arabic,    These  seeds  came  from  traea  growing  in  the  gardens  in 

the  vicinity  of  Nablus(Shecbem)  on  dry,  rocky,  and  calcaroous bills."  ^Aanm- 
(oAn.) 
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30623  and  30633.     Medioaoo  batita  L.  Alfalfa. 

From  Faleetine.    Presented  by  Mr.  Aaron  Aaronaohn,  director,  Jewiib  Agricul- 
tunl  Experiment  Station,  Haifa,  Paleetine.    Received  April  25,  1911. 
Seeds  of  the  following;  notee  by  Mr.  Aaronaohn : 

30633.    "  Fuim.    The  cturent  variety  cultivated  in  and  around  Damascus." 
30623.    "Frum  {Menonkhie).    A  selected  variety  of  No.  30622." 
30624.     Vaocinium  titis-idaea  L.  Cowberry. 

From  Hamburg,  Germany.    Presented  by  Mr.  C.  Widinaier,  inspector,  Bol&nical 
Gardens  and  Museum.    Received  April  26,  1911. 

Introduced  for  purposes  of  botanical  study  and  breeding  work. 
Rooted  cuttings. 
30625  and  30626.    Colocabia  spp.  Dasheen. 

From  Hilo,  Hawaii.    Presented  by  Mr.  F.  A.  Clowes,  superintendent,  Hilo  and 
Olaa  Substations,  Hawaii  Agricultuial  Experiment  StMioD.    Received  April 
25,  1911. 
Tubers  of  the  following: 
306SB.    Palaii. 

30636.    Rtyyal  Whiu  or  Ldiua  heo-keo. 
"Tubers  purple  fleshed  and  apparently  nonacrid.    The  sprouts  are  also  purple." 
(R.  A.  Yovng.) 

See  No.  29840  for  further  remarks. 
30627.     Spondias  pinnata  (L.)  Eurz. 

From  FeradeDiya,  Ceylon.    Presented  by  Mr.  H.  F.  Macmillan,  curator,  Royal 
Botanic  Garden.    Received  April  2G,  1911. 

30628  to  30671. 

Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer,  April  24,  1911. 
Seeds  and  cuttings  as  follows: 

306S8.    PBDNtrs  ashehiaca  L.  Aprloot. 

From  Bis-Karim,  Chinese  Turkestan.  "(No.  908,  January  20,  1911.)  A 
variety  of  apricot  called  Zeile  Anjan,  Fruits  medium  large,  red;  early." 
{Meyer.) 

30629.  Peuhds  arkbhiaca  L.  Apiicot. 
From  Bis-Karim,  Chinese  Turkeelan.    "(No.  909,  January  20,  IBll.)    A 

variety  of  apricot  called  Ak-yarlik.    Fruits  of  pale  color,  medium  large;  ripen- 
ing early,  in  June."     {Mryer.) 

30630.  PKtmus  akmbnuca  L.  Apiicot. 
From  Bis-Karim,  Chinese  Turkestan.    "(No.  911,  January  20,  1911.)    A 

variety  of  apricot,  called  Kara-Anjan.    Fruits  medium  large,  dark  red,  fresh, 

sweet;  a  late  ripener,  August."    {Meyer.) 

30031.    Fbunus  arubniaca  L.  Apiicot. 

From  Bia-Karim,  Chinese  Turkestan.    "(No.  912,  January  20,  1911.)    A 
variety  of  apricot  called  Guanmiruk.    Fruits  large,  pale-orange  colored.    Ker- 
nels large  and  sweet.    See  also  remarks  under  No.  30311."    {Meyer.) 
30632.    pRDNus  ARUBNiACA  L.  Aprloot. 

From  Bis-Karim,  Chinese  Turkestan.  "(No.  913,  January  20,  1911.)  A 
variety  of  apricot  called  Ak'Tuyan.  Fruits  very  pale  yellow,  very  laiige,. 
medium  early  in  ripening.    A  rare  local  variety."    {Meyer.)  r(>l.)QIC 
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30633.  Eii&SAOxnB  ANonsriFOUA  L.  Oleaster. 
From  "Eadtgu,  Chinese  Turkestan.    "(No.  923,  January  29,  1911.)    This 

beara  large  fniils  of  a  pale-onu^e  color.  It  is  a  vigorouH  grower.  Seeds  sect 
under  No.  30412;  dee  this  number  for  Eunher  remarks.  Native  name  Djigda." 
(Meyer.) 

30634.  PnuNce  arhenuca  L.  Apricot. 
From  Eadigar,  Chineee  Turkestan.    "(No.  924,  January  31,  1911.)    A  veiy 

early  ^'ariety  of  apricot.  Fniifsamooth,  of  red  color.  Kernel  sweet."  (Meyer.) 
3063B.    Malub  sp.  Apple. 

From  Kaahgar,  Chinese  Turkestan,    "(No.  928,  February  4,  1911.)    An 
apple  called  Kizilalma.   FruitHlarge,ofredcolorand  fresh,  aweet  taste.   Ripens 
in  July.    Suitable  for  hot,  dry  r^ions."    ( Mej/er.) 
80630.    ExrcA  satita  Hill.  Boqnette. 

Prom  near  Eurvae,  Chineee  Turkestan.  "(No.  ISlOa,  December  4, 1910.)  A 
plant  called  SariiA  beda,  meajiing  yellow  lucern.  Qiowb  as  an  annual  weed  in 
wheat  and  barley  fields  at  an  altitude  of  about  S,000  feet.  Said  to  be  much 
liked  by  cattle.  To  be  tested  in  the  cooler  regions  of  the  United  States." 
(.Meyer.) 

iHitrt&uciDn.— An  annual  plant  belonging  to  the  mustard  family  and  growing 
in  the  countries  bordering  on  the  Mediterranean  from  Spain  to  Syria  and  in 
northern  Africa,  and  extending  eastward  to  Turkestan. 

S0637.      APOCTMUH   TENBTDM   L. 

From  Yarkand,  Chinese  Turkestan.  "(No.  1617a,  November  9,  1910.)  A 
fiber  plant,  growing  on  moiet,  saline,  sandy  places.  The  natives  make  ropea 
and  string  from  the  fiber,  but  it  is  not  considered  a  very  good  material.  These 
plants  are  not  cultivated  in  any  way,  but  grow  in  a  jungle,  more  or  lees  in  the 
sandy  expanses. along  watercourses.  As  the  rhizomee  are  capable  of  niiming 
considerable  distances,  these  plants  should  be  tested  where  there  is  no  chance 
of  their  becoming  a  nuisance.  There  seems  to  be  some  variation  in  quality 
and  color  of  the  fiber,  probably  due  to  soil  and  lo  treatment.  It  is  said  that 
this  Apocynum  fiber  is  exported  from  Kuija  to  Bussia  and  that  it  forms  an 
ingredient  in  the  Rusian  bank  notes.  This  variety  is  called  Al-^iU^,  mean- 
ing white  fiber,  and  was  collected  not  far  from  Yarkand.  Obtained  througji 
the  Hon.  George  Macartney,  British  consul,  Kaahgar."    [Meyer.) 

i>utri6u(ion.— Southern  Europe  and  Asia,  extending  from  uorthem  Italy 
through  Russia  and  Dzungaria  to  China. 
80088.    Afocymuu  VBHsrini  L. 

From  Yarkand,  Chinese  Turkestan.  "(No,  IGlSa,  November  9, 1910,)  This 
variety  is  called  ToituMlga.  It  was  collected  near  Merkel,  to  the  north  of 
Yark^d,  where  veritable  jungles  of  it  are  said  to  exist.  It  is  supposed  to  be 
much  taller  gTowing  than  the  preceding  number  (No,  30637),  but  is  of  an  inferior 
quality.  It  was  obtained  through  the  same  source."  (Meyer.) 
80680.    CiTBirLLOB  vuloaius  L.  Vfttermelon. 

From  Kashgar,  Chinese  Turkestan.  "(No.  lS22a,  January  28,  1911.)  A 
watermelon  of  roundnDval  shape,  medium  size,  light-green  rind,  dark-red  fledi 
of  very  sweet  taste;  seeds  black,  with  curious  markings.  An  early  ripener,  but 
not  a  keeper.    To  be  tested  like  No.  30396."    (Meyer.) 
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30e40.     CUCDUU  MBLO  L. 

From  Gum»,  Chinese  Turkestan.  "(No.  l&23ft,  November  16,  1910.)  A. 
large,  oval  winter  melon  of  excellent  keeping  and  tihippiiig  qualities.  Rind 
rough  and  of  yellow  color;  fleah  white,  finn,  of  freeh,  sweet  taeta.  Does  best 
in  ali^t,  sandy  soil. 

"All  these  central  Asian  melons  will  do  beat  in  those  parts  of  the  United 
States  where  the  Bummers  are  very  hot  and  dry  and  where  the  soil  contains 
some  saline  matter."     {Meger.) 
80641.    CucuMis  UBLO  L.  Xtukmttloa. 

From  Earawag,  Chinese  Turkestan.  "(No.  1624a,  December  10,  1910.)  A 
rate,  local  variety  of  melon,  called  TuTia.  This  melon  often  grows  1  yard  long, 
while  not  being  any  thicker  around  tlian  a  beet  root.  It  will  keep  until  June. 
The  flesh  is  whit«,  not  very  juicy,  but  firm;  taste  moderately  sweet;  rind  yel- 
lowish green;  few  eeeds.  Stands  shipping  remarkably  well.  Could  be  served 
Ediced  like  pineapple  at  high-class  dinners  in  the  middle  of  winter."    ( Jf«jw.} 

30043.  Cuctrms  helo  L.  Mnakmelon. 
From  Sbagra-bazar,  Chinese  Turkestan.    "(Ho.  lS27a,  December  23,  1910.) 

An  early  melon  of  medium  aice  and  long  oval  ahape.  Riud  dark  green;  flesh 
reddi^;  not  very  sweet.  A  good  keeper  and  shipper.  Called  Kara  Kuldta." 
(Meyer.) 

30648.    Coctnns  helo  L.  Kookmelon. 

From  Eaahgar,  Chineoe  Tutkeetan.  "(No.  1530a,  January  2S,  1911.)  A 
very  eariy,  small  melon  of  green  color,  flattened  shape,  sU^tly  ribbed;  fleeh 
yeQowidi  green  and  honeysweet.    CaUed  Kara  Kath."    (Meyer.) 

30044.  Pbunus  abmenuca  L.  Apricot. 
From  Oasis  of  Sandju,  Chinese  Turkestan,  altitude  6,000  feet.    "(No.  1537a, 

December  4,  1910.)  Stonee  of  cultivated  apricota,  collected  here  and  there. 
To  be  sown  out  in  some  dry  northern  locality  to  obtain  hardy  typea.  See 
remarks  made  under  No.  3036&."    ( Meger.) 

3064D.    Pbunus  arkbkiaca  L.  Apricot. 

From  Khotan,  Chinese  Turkestan.  "(No.  .1638a,  November  24,  1910.)  A 
variety  of  apricot  called  Ovana  or  Guama  uruh.  See  remarks  made  under 
No.  30311."    (Meyer.) 

30646.  PstTNtrs  akhbkiaca  L.  Apricot. 
From  KarghalJk,  Chinese  Turkestan.    "(No.  1538a,  December  12, 1910.)    An 

apricot  siud  to  be  Guana  uruk.  There  are,  however,  bitter  kernels  in  this  lot, 
and  therefore  they  are  mixed,  as  the  (ruorui  has  large  sweet  kernels.  See 
remarks  made  under  No.  30311."    (Meyer.) 

30647.  AuTODALtfs  pbbmca  nkotarina  Ait.  K«otariii». 
Prom  Ehotan,  Chinese  Turkestan.    "(No.  1540a,  November  24,  1910.)    A 

nectarine  called  TogaUh  Moneck.  To  be  sown  in  a  cold,  dry  climate  to  see  if 
hardy  types  appear  among  them."    (Meyer.) 

30648.  Ahtodalus  fbbsica  nbctarina  Ait.  Nectarine. 
PromGuma,  Chinese  Turkestan.    "(No.  15418,  November  14,  1910.)    A 

smaU  late  variety  of  nectarine,  white  in  color,  of  fresh,  sweet  taste  and  good 
keeping  qualities.  To  be  sown  out  like  preceding  number  (No.  30647)." 
(Meyer.) 
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80646.    Prunus  ep.  Pliun. 

From  Langru,  Chinese  Turkeetan.  "(No.  1543a,  November  26,  1910.)  A 
plum  called  I-nar-lom.  Much  used  as  a  compote  and  stewed  with  meats.  Said 
to  aid  t^e  digestion  of  meat."    {Meyer.) 

30650.  Bkrbbrib  sp.  Barbsny. 
From  FuBtan  Terek,  Chinese  Turkeatan.    "(No.  1549a,  December  29,  1910.) 

A  tall-growing  barberry;  branches  anued  with  long  spines  and  bearing  large 
blue  beiries.  Found  between  rocks  and  in  stony  debris  at  altitudes  of  6,000  to 
S,000  feet.  Of  possible  value  as  an  ornamental  park  and  garden  shrub  in  the 
northern  mctiona  of  the  United  States."    (Meyer.) 

30651.  BsBBBniB  sp.  Barberry. 
From  Pustan  Terek,  Chinese  Turkeatan.    "(No.  1550ft,  December  29, 1910.) 

A  very  spiny,  compact-growing  barberry,  bearing  blue  berries;  found  on  a 
stony  mountain  slope  at  an  altitude  of  about  7,000  feet.  Of  possible  value  as  a 
hedge  plant  and  an  ornamental  shrub  in  the  northern  sections  of  the  United 
States."     (Meyer.) 

30652.  Fraxikus  ep.  Aah. 
From  Ehanaka,  Oasis  of  Sandju,  Chinese  Turkestan,  altitude  of  6,000  feet. 

"(No.  1652a,  December  4,  1910.)    This  number  is  perhaps  the  same  species  of 
ash  as  No.  30414,  but  grew  at  a  much  higher  elevation.     To  be  tried  in  the  dry, 
cold  sections  of  the  United  States,    Native  name  1-mo^on."    (Meyer.) 
306B3.    CoLvrEA  sp. 

From  near  Kizil-Kurgan,  Russian  Turkestan.     "(No.  lS54a,  October  11, 1910.) 
A  spiny  ahnib  growing  here  and  there  on  dry,  sunburned,  rocky  mountain 
slopes.    Of  poaeible  value  as  an  ornamental  garden  and  park  dirub  in  dry  and 
hot  sections  of  the  United  States,"     (Meyer.) 
30604.    Caraoana  sp. 

From  Pustan  Terek,  Chinese  Turkestan.  "(No.  1556a,  December  28,  1910.) 
A  Caiagana  of  tall-growing  habits,  often  attaining  a  height  of  6  to  6  feet.  Occurs 
on  dry,  stony  places  at  altitudes  of  6,000  to  8,000  feet.  Native  name,  fom^an. 
Of  possible  value  as  an  ornamental  park  and  garden  shrub  in  the  northnn  sec- 
tions of  the  United  States."  (Meyer.\ 
SOdSS.    Caraoaha  sp. 

From  Pustan  Terek,  Chinese  Turkestan.  "(No.  155Ga,  December  28,  1910.) 
A  Caragana  of  very  dwarf,  compact  growth,  occurring  in  stony  debris  at  alti- 
tudes ranging  from  6,000  to  8,000  feet.  Apparently  the  same  as  sent  under  No. 
30153.  See  remarks  made  under  that  number.  To  be  tested  in  the  northem 
sections  of  the  United  States.  Native  name  Karagan."  (Meyer.) 
SOesS.    LoNicERA  ep. 

From  near  Irkestan,  Russian  Turkestan.    "(No.  15S7a,  October  15,  1910.) 
A  shrubby,  compact-growing  honeysuckle  occurring  in  dry,  stony,  and  wind- 
swept places.    Cuttings  sent  under  No.  29146,  which  number  see  for  further 
remarks."    (Meyer.) 
306fi7.    Rosa  sp.  Soae. 

From  near  Khotan,  Chinese  Turkestan.  "(No.  155Sa,  November  20,  1910.) 
A  wild  rose  which,  when  grown  in  hedges,  attains  a  height  of  10  to  15  feet,  but 
when  standing  alone  only  5  to  6  feet.  To  judge  by  the  fruits,  it  seems  to  be 
very  fl<»iferouB.  Stands  drought  and  alkali  well.  Of  value,  poaaibly,  as  an 
ornamental  shrub  in  large  grounds  or  as  a  stock  in  hot,  arid  ngiooB."    (Meger.) 
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306S8.    NiTBABiA  BKTnsA  (Fonk.)  Aachen. 

FVom  neai  Bis-Wick,  Chinese  Turkeatau,  "(No.  15S(te.)  The  desert  cin^ 
rant,  a  spedea  closely  allied  to  that  of  which  seed  was  sent  under  No.  292S0 
from  a  diSerent  locality.    See  remarks  under  that  number."    (Mtyer.) 

Ditlribvtitm. — The  countries  along  the  Uediterranean  in  n<HtIieni  Africa  and 
emtwud  through  Palestine  and  Syria  to  Turkeetan. 
S06B8.    ASPARAQUS  Bp.  Asp&ragUB. 

F^om  Ism-Salah,  Chinese  Turkwtan.  "(No.  1560a,  December  7,  1910.)  A 
wild  aepBiaguB  found  on  sandy,  saline  land.  Of  slightly  twining  habit  and 
generally  found  growing  in  scattered  clumps."     {iteyer.) 

30660.  Caujoonuu  sp. 

From  near  Guma,  Chinese  Turkestan.  "(No.  lS61a,  November  16,  1910.) 
A  small  variety  existing  in  absolutely  sandy  deserts;  makes  enormous  long 
roots.  Grubbed  out  and  used  as  fuel  by-Qie  natives.  Is  of  good  sand-bindLng 
qualities  and  should  be  teeted  for  this  purpose  at  some  expwiment  elation  in  a 
desert."    {Ueytr.) 

30661.  Mbulotds  alba  Des.  Street  dov«r. 
Prom  near  Susan,  Chinese  Turkestan.    "(No.  15G2a,  December  7,  1910.)    A 

■weet  clover  occurring  on  dry,  sandy  places.    Observed  only  once.    To  be 
teet«d  in  a  hot,  dry  r^on,  under  irrigation."    {Ueyer.) 

30662.  Alhaoi  fbeitdalhaoi  (Bieb.)  Desv.  Camel's  tbom. 
(Hedytarum  pteudalhayi  Bieberstein,  Flora  Taurico-Caucasica,  vol  2,  p. 

174, 1808.) 

This  legimtinoue  manna-producing  tbrub  was  first  given  a  distinctive  binomial 
name  by  Bieberstein  in  1808,  as  Htdytarwn  j>*eudaihagi.  Fischer,  in  1812  (Cata- 
logue Jardin  Gorenki,  p.  72),  tranrferred  it  to  the  genus  Alhagi  but  used  the 
name  Alhagi  earMlorvm,  by  which  the  plant  has  since  been  known.  Desvaux 
(Journal  de  Botanique,  vol.  I,  1813,  p.  120)  states  that  there  are  two  species, 
AOiagi  manrd/a-a  and  ptaidaUiagi,  but  does  not  describe  them.  His  evident 
intention  being  to  publish  the  binomial  AViagi  pteudaUtagi,  he  is  here  given  as 
the  authority  for  the  name. 

From  near  San-Kia,  Chinese  Turkestan.  "(No.  1563a,  November  17,  1910.) 
A  very  prickly,  herbaceous,  perennial  legume,  occurring  on  very  dry  lands, 
often  in  pure  mnd  and  shifting  sand  at  that;  also  found  on  rather  strong  alkaline 
soil.  Its  usee  are  as  follows:  On  the  places  where  it  abounds  in  great  quantities 
it  is  cut  and  harvested  like  hay,  to  be  used  as  a  fuel.  Most  of  the  bricks  in 
Russian  Turkestan  have  been  baked  by  means  of  this  fuel.  It  is  also  a  favorite 
food  of  the  camel,  which  browses  upon  the  herbage  as  long  as  it  is  not  too  old; 
dieep  and  goats  also  like  it  when  it  is  young  and  the  spines  have  not  become 
too  hard.  Lastly,  as  a  oind  binder  it  has  preat  value,  but  only  in  locations  iai 
removed  from  lands  that  may  become  cultivated,  for  this  camel's  thorn  becomes 
a  very  serious  peat  in  cultivated  fields  and  is  extremely  hard  to  eradicate,  as  it 
throws  up  suckers  from  its  broken-ofi  roots.  The  pinkish  brown  flowers,  which 
appear  in  enormous  maeees  and  give  color  to  whole  desert  landscapes  in  the 
month  of  June,  seem  to  be  rich  in  honey.  This  plant  should  be  tested  at  some 
experiment  station  in  the  desert  of  the  southwestern  United  States."  {Meyer.) 
80663.    Ibis  sp.  Iili. 

From  near  TJpal,  Chinese  TurkeetBJi.  "(No.  1564a,  December  31,  1910.) 
An  Iris,  probably  I.  enaodi,  found  here  and  there  along  the  fields  on  rather 
^kaline  soils.    The  leaves  form  a  very  common  tying  material  all  through  | 

242  ^ 


SEEDS  AND  PLASTB  IMPORTED. 

38  to  30671— Continued. 
30663 — Continued . 

Chinese  Turkestan,  being  mostly  used  to  tie  bunches  of  vegetables  and  grapes. 
Becommended  as  a  tying^naterial  supplier  in  the  vegetable  garden  and  ae  a 
lining  plant  along  flower  or  shrubbery  beds  in  dry,  iJkaline  sections.  It  is 
said  to  flower  prettily  in  early  summer  with  small,  pale-blue  floweia.  Probably 
a  variety  of  No.  29264."  (Meyer.) 
30664.    Eltmus  dasuricus  Turcz.  WUdry*. 

From  Puatan  Terek,  Chinese  Turkestan,  altitude  of  6,000  to  7,000  feet. 
"(No.  1666a,  December  29,  1910.)  A  tall  perennial  rye-grasa  occurring  on  dry 
loeea  banks  along  a  ravine.  Apparently  lare.  The  long  strong  stems  of  golden- 
yellow  color  could  be  used  perhaps  to  make  straw  braid;  also  to  sip  cool  drinks 
through.  To  be  tested  in  the  Bocky  Mountain  re^bna  or  Luther  west." 
(Meyer.) 

Dittribution. — Dry,  stony  places  in  the  aouthem  part  of  Siberia  from  Tur- 
kestan eastward  to  the  region  beyond  Lake  Baikal. 
80666.     AosoPVEON  acutum  (DC.)  Roem.  and  Schult. 

From  Pustao  Terek,  Chinese  Turkestan.  "(No.  ISfiOa,  December  29,  1910.) 
A  tall  grass,  occurring  intermixed  with  the  preceding  one.  May  poness  value 
as  a  forage  grasa  in  dry  mountainous  regions."     (Meyer.) 

Dutribution, — Considered  to  be  a  possible  hybrid  between  Agropyron  repent 
and  A.  jwiceum,  growing  throughout  Europe  and  eastward  to  China. 
30666.    Sbblerea  abobntea  Savi. 

From  near  Gagri,  Caucasus,  Russia.  "  (No.  1567a,  February  1, 1911.)  Found 
on  mountain  slopes  between  boulders  and  waahed-down  earth.  May  poesees 
value  ae  a  fodder  grass  in  mild-winter  r^ions."     (Meyer.) 

Diitribution. — Southern  Europe  and  western  Asia,  extending  from  Spain 
through  Italy,  the  B^kan  region,  and  Bulgaria  to  Asia  Minor  and  the  Caucasus 

S0S67.    Gucums  sativus  L.  Cacnm.b*r. 

From  Yarkand,  Chinese  Turkestan.    "(No.  1568a,  November  7,  1810.)    A 
local  variety  of  cucumber,  called  Baddering.     Said  to  be  small,  wbitidi  green, 
and  early.    To  be  tested  under  irrigation  in  the  hot,  arid  sections  of  the  United 
States."     (Meyer.) 
80S68.    Cafsictih  anhuuh  L.  Red  pepper. 

From  Yarkand,  Chinese  Turkestan.  "(No.  1569a,  November  7,  1910.)  A 
variety  of  chili  pepper  of  very  bright-orange  color.  Shape  medium  long,  nose 
blimt,  and  slightly  ribbed.  Native  name  £m{  muUA.  To  be  tested  like  the 
preceding  number  (No.  30667)."     (Meyer.) 

30669.  OcTHDii  BASiLictJif  L.  Sweat  basiL 
From  Yarkand,  Chinese  Turkestan.    "(No.  1570a,  November  7, 1910.)    This 

is  very  much  grown  all  through  Asia  as  a  garden  plant.  Occurring  in  many 
varieties.  Small  bunches  of  the  basil  are  worn  on  the  side  of  the  head,  tucked 
away  beneath  the  headcloth.  Some  religious  meaning  seems  to  be  attached 
to  it.  Of  value  as  a  flavoring  herb  in  regions  Miere  it  is  too  warm  for  mint  or 
thymo."    (Meyer.) 

30670.  HoRDEUM  sp.  Bariey. 
From  Yarkand,  Chinese  Turkestan.    "(No.  15Sla,  Dec^nber  19,  1910.)    A 

huU-leas  barley  of  opaque  white  color,  called  Gatangatch  arpa."    (iUj/er.) 
242  ,  , 
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30828  to  SOflTl— Continued. 

30071.    Trtticum  ABSTivim  L.  Tlieat. 

lYom  Ism-Salah,  Chineee  Turkestan.  "(No.  1682a,  December  6,  1910.)  A 
very  luge  variety  of  summer  wheat,  called  Atrboogdai.  Only  a  very  small 
quantity  obtained."    (Meyer.) 

30672.  Andropooon  schoenanthus  L.  Lemon  ^raBS. 
From  Uonghyr,  BeDf^l,  India.    Presented  by  Mr.  Lalit  Mohan  Siuha,  Lalloo 

Fokhar  Road.    Received  April  2S,  1911. 

"Thia  is  called  Agya  Ohax,  or  fire-gra™,  in  HinduHlani.  It  ia  used  hero  with  tea  a« 
a  etimulant  and  to  remove  the  pain  consequent  upon  catching  cold.  In  cases  of 
B|muiia  and  hurta  the  leaves  are  made  into  a  paste  and  applied  over  the  painful  part 
to  alleviate  the  pain.  Its  oil  ia  also  used  for  the  same  purpose.  It  needs  an  alluvial 
soil  to  grow  luxuriantly.  The  roots  should  be  taken  out  every  year  after  the  rains  and 
transplanted  in  a  well-cultivated  soft  soil.  It  is  not  very  much  cultivated  now  and 
is  being  neglected,  but  the  demand  for  it  is  increasing  for  medicinal  use."    (SinAa.) 

Imported  for  the  work  of  the  Office  of  Drug-Plant,  Foisonous-FIant,  and  Physio- 
logical Investigatitms  in  cultivating  and  teetii^  all  procurable  species  of  oil-grasses. 

Roots. 

30673.  Sapindus  sp.  Soapberry. 
ftem  Maison  Cairee,  Algeria.    Presented  by  Dr.  L.  Ttabut,  Algiers,  Algeria. 

Received  April  25, 1911. 
Cuttings. 
30674  to  30676. 

IVom  Shunking,  West  (Thina.    Frwented  by  Rev.  A.  E.  Evans.    Received 
April  25, 1911. 
Cuttings  of  the  following: 
30674.    CrrBOB  sp. 

30678,    PauNns  sp.  flam. 

30676.    UosUB  sp.  Knlberry. 

30677.  ZiziPHUs  JUJUBA  Miller.  Jiljubs, 
From  Twining,  via  Tsinan,  Shantung,  China.    Procured  through  Dr.  Charles  H. 

Lyon.    Received  April  26,  1911. 
"These  cuttings  are  from  two  trees  growing  in  our  compound  that  bear  very  nice 
fruit."     (Lyort.) 

30678.  D108PTBO8  EAKi  L.  f.  Persiminoii. 
From  Tokyo,  Japan.    Presented  by  Miss  B.  Catherine  Fifer.    Received  April  27, 

1911. 

"SAtfrti  tati.  These  grafts  are  from  a  species  of  the  Diospyros,  or  ilame  kaki,  which 
is  known  as  the  best  variety  ftn'  the '  shibu '  (juice  of  fruit).  This  is  the  natural  fruit 
and  is  not  edible.     This  species  is  found  quite  frequently  in  the  country."     {Pyfer.) 

'"Kaki-no-shibu*  is  the  expressed  juice  of  small,  inedible  varieties  of  pecBimmons. 
These  persiminons  are  taken  about  ttro  months  before  they  ripen,  i,  e.,  in  the  middle 
of  August,  and  crushed — seeds,  calyx,  and  all — in  a  large  stone  mortar.  Water  is 
added,  the  juice  is  sHained  through  coarse  linen  cloth,  and  it  is  then  put  into  a  large 
earthen  jar  which  ia  closed  witii  a  wooden  top;  paper  is  pasted  over  this  to  make  it  air- 
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30678— Continued. 

tight,  it  is  placed  in  a  celUt  or  cave  to  keep  cool,  and  is  ready  for  use.    This  freeh- 

Blrained  juice  ia  eimply  spread  on  paper  with  a  brush,  which  is  said  to  render  the 

paper  immune  from  the  attacks  of  insects  as  well  as  less  pervious  to  moistvtre.    Cloth 
is  Bometimee  treated  with  this  juice,  and  it  is  &lao  used  for  paiating  stencils,  tanning 
&hing  nets,  and  tor  other  purposes."     (FainMld.) 
Cuttings. 

30679  to  30682.     Solanuu  nigbuh  L.  IHghtshade. 

From  Albano,  Stockholm,  Sweden.    Presented  by  Dr.  Veit  Witbock,  director. 
Botanic  Gardens.    Received  April  26,  1911. 
Seeds  of  the  following.    Introduced  for  the  purposes  of  boUnical  study  and  bretding 

30679.  Yellow  fruited.  80681.    Gold  fruited. 

30680.  Black  fruited.  30683.    Green  fruited. 
30683.    MusA  TEXTiLis  Nee.  Manila  hemp. 

From  Philippine  Islands.  Freeeated  by  Mr.  M.  U.  Sideeby,  in  charge  of  fiber 
plants,  Bureau  of  Agriculture,  Manila,  through  Mr.  Lyeter  H.  Dewey.  Beceived 
March  10,  1911.    Numbered  April  28,  1911. 


30684  and  30685.     CucuMts  ublo  L.  Muskmelon. 

From  the  sandy  plains  near  Erivan,  Russian  Armenia,  at  the  toot  of  Mt.  Arant. 
I^-esented  by  Mr.  W.  W.  Masterson,  American  consul,  Kharput,  Mamuret-ul- 
AiM,  Turkey,  who  had  them  procured  by  Mr.  Alexander  Heingartner,  Ameri- 
can consul,  Batum,  Russia.    Received  April  27,  1911. 
"These  are  the  fineet  flavored  of  any  melons  I  have  ever  tasted  anywhere,  and  are 
good  to  eat  from  the  time  they  mature  in  the  late  summer  until  some  time  after  ChriBt- 
mas.    A  particular  point  in  thefr  favor  is  they  are  so  firm  that  they  can  be  shipped 
any  distance."     {Mruterton.) 

30686  to  30696. 

Prom  China.    Collected  by  Mr.  George  Forrest;  presented  by  Mr.  A.  E.  BuUey, 
Liverpool,  England.    Received  April  7, 1911. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Forrest; 

30686.  Rhus  vbrnicipbiu.  DC.  Lacquer  tree. 
"The  lacquer  tree  of  Lichiang  Range,  western  Yunnan." 

DitCfibtition. — Southern  Asia,  extending  from  the  Himalayas  in  Kashmir, 
Sikkim,  and  Bhutan  and  the  Ehasi  Hills  in  India  eastward  through  China  to 
Japan;  also  in  the  island  of  Java. 

See  Noe.  2189,  5016,  and  8406  for  previous  mtroductions. 

30687.  FiffTAcu  GHiNENSis  Bunge.  PistMh*. 
"Another  of  the  varnish  trees  of  Yunnan,  from  lAngkong  Valley  at  8,000  feet. 

Grows  from  40  to  80  feet  tall." 

See  Nos.  21970,  24659,  and  29499  for  previous  mtroductions. 
80688.    Pmns  armahdi  Franch.  Fina. 

"A  tree  that  reaches  a  height  of  70  to  200  feet.  Cones  9  to  12  inches.  Fruits 
edible,  sold  in  all  the  markets.  Chinese  name  8imy^.  From  Lichiang  Range, 
latitude  27=  20'  N.,  altitude  9,000  to  10,000  feet." 

See  No.  27046  for  previous  introduction. 
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30686  to  30696 — Continued.  . 

30eS9  to  30692.    Pbdnus  DOHssncA.  L.  Plom. 

30689.    "Ftaia  Lichiang  Valley.    Email  purple  plum,  damsoD,  good.-" 
30680.    "From  Lichiang  Valley,    Golden-drop  plum,  very  fine," 

30691.  "SamoBs  thepraceding." 

30692.  "Sams  as  the  preceding." 
30603.     (Undetennined.) 

"Prom  Lichiang  Valley." 
Probably  belong!  to  the  Solanaceie. 

80694.  DioePTBos    lotus  L. 

"From  Lichiang  Valley.    Tree  20  to  50  feet  tall.    Flowers  yellow.    Fruit 
brown,  edible." 
See  Noe.  27512  and  294S0  for  previous  introductions. 

80695.  Trachtcarpub  BZCBLBUB  (Thunb.)W«idl.  P&lm. 
"Common  in  most  valleys.    In  cultivation  for  the  foliage  sheathe,  fiber  <rf 

irtiich  is  used  for  ropee,  matting,  etc." 
See  Noe.  26907,  27466,  28179,  and  28180  for  previoue  introductions, 

80696.  (Undetermined.) 
"From  Langkono  Plain." 

30701.     Staohts  sieboldi  Miq. 

Prom   Paris,  France.    Purchaaed   frton  Vilmorin-Andrieux  A  Co.    Received 
April  29,  IBll. 
Procured  for  the  experiments  of  Dr.  R.  H.  l^e.  Office  of  Drug-Plant,  Poiaonoue- 
Plant,  and  Phyeiological  Inveatigatione. 
See  No.  2195  for  deecription. 

30703  and  3070S.    Solahuu  spp. 

From  EingHton,  Jamaica,    Presented  by  Mr.  W.  Harris,  Superintendent  of 
Public  Gardens.    Received  April  27, 1911. 
Seeds  of  the  following: 

30703.    SoiANUM  asAFOBTHUNOX  Andrews. 

DitbibvtUm. — An  herbaceous  climbing  vine  found  from  Venezuela  to  Ouiana, 
and  in  the  West  Indies;  cultivated  in  Panama. 

30703.  SoLANUu  ACULiBATissiMDM  Jacquiu. 

30704  to  30706.    Cinchona  spp.  Cinchona. 
From  Kingston,  Jamaica.    Presented  by  Mr.  W.  Harris,  Superintendent  of 

Public  Gardens.    Received  April  27, 1911. 
Seeds  of  the  following: 

30704.  CmcHONA  sp. 
Hybrid. 

8O70B.     CiNCHOHA  OFFinKAUS  L. 

Ditlrilnttion. — A  tree  growing  in  the  tropical  valleys  of  the  Andes  in  Peru  and 
Bolivia. 

80706.    CnicHONA  sdccirubra  Pavon. 
30224°— Bnl.  242—12 S 
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•  30707.  Phoenix  DAorrLrPERA  L.  Date. 

From  Morocco.    Puichased  from  UcCaig,  Gikhrist  A  Co.,  Glaagow,  ScotUnd. 
Eoceived  April  28, 19U. 
Tq^tU.    See  No.  18630  for  deKriptton. 
30708  and  30709. 

From  Hermoaillo,  Mexico.    Preeeuted  by  Hr.  Lonis  Hoetetter,  Americsn  codbuI. 
Received  April  27, 1911. 
Seeda  of  the  following: 

80708.    CiCBR  ARiKHHUii  L.  Chick-pea. 

30709.    TKmcuM  ABSiiTinc  L.  TlLeftt. 

30710.  SOLANUH  OAPSIOASTBTTH  Link. 

From  Milan,  Italy.    PreeeDted  by  Fntetli  Ing^noli.    Keceived  April  27,  1911. 
PraDiavolo. 

DitbUnttion. — In  the  graaey  plains  along  the  Siq)ucahi  River  in  Qie  aouthern  part 
of  the  province  of  Minaa  Genes  in  Brazil. 

30711.  GossTFitJH  HBSBAOECH  L.  Cotton, 
From  Maraah,  Turkey.    Piesented  by  Mr.  Paul  N.  Neneeman.    Received  April 

26,  1911. 

"This  is  what  we  call  Native  of  Manuh.    It  grows  in  a  conical  shape  from  1  to  4  feet 

high,  depending  on  the  fertility  of  the  land;  usually  yields  well,  that  ia,  produces 

more  bolls  to  a  given  area  than  other  varieties,  but  ordinarily  the  amouot  of  the  lint 

from  a  given  weight  of  bolla  is  lees  than  the  other  varieties  (Noe.  29028  and  29029)." 

30712.  Mbdicaoo  satita  L.  Alfalfo. 
From  Piahpek,  Semiryetachensk,  Turkeelan,  Riuna.    Presented  by  Mr.  llieo. 

Kryshtofovich,  Rusdan  Govenmient  Agricultural  CommiaBioner,  St.  Louis, 
Mo.    ReceivedMay  1,1911. 

30713  to  30736. 

From  Philippine  Islands.    Secured  by  Mr.  C.  V.  Piper,  Bureau  of  Plant  Industry. 
Received  April  17,  1911. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Piper: 

30713,    Cantharospeuiuii  scasabaeoidbuic  {L.)  Baill. 

"A  leguminous  vine  growing  in  bushes  and  very  fruitful.  For  testing  in 
Florida." 

Diitribution. — Tluoughout  the  plains  of  India  and  up  to  an  elevation  of 
6,000  feet  in  the  western  Himalayas  and  eastward  to  China  and  the  Malay 
Ardiipelago;  also  in  Madagascar. 
80714.    Bauhinia  acuuinata  L. 

"According  to  Mr.  Merrill  decidedly  ornamental.    It  is  a  shrub  3  to  6  feet 
high.    To  be  tested  in  Florida," 
3071D.    Coiz  LACHBTHA-JOBi  HA-TUBN  (Rom.)  Stapf.  Job's-tean. 

"This  is  a  variety  with  soft  seeds,  cultivated  in  China  and  to  a  alight  extent 
here.  It  should  be  tried  aa  a  summer  grain  crop  in  the  Uaited  States.  Seed 
can  probtAly  be  had  in  quantity  from  China,  but  not  here." 

DUtr^nttion. — In  the  province  of  Sikkim  and  on  the  Khasi  Hilla  in  India 
and  eastward  throu^  Burma,  Codiin  China,  and  Borneo  to  the  FhiUppines, 
242 
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sons  to  30736 — Continued. 

30719.    Tbramnus  ubulis  (L.)  Spreng. 

"A  Bleoder  twining  legume  vety  abundant  in  thickets  and  often  matting  the 
ground  in  Gelda." 

Dittribution. — On  the  pUinB  ot  India  from  the  foot  of  the  weetem  Uimalayaa 
to  Ceylon;  generally  naturalized  throughout  the  Tropics  and  in  Natal,  Boutli 
Africa. 
30717.    ARAoma  htpoqaea  L.  Peanut. 

From  Jolo. 
30718  to  30720.    Rionub  coifif unib  L.  Curtor  Iwan. 

30718.    From  Negros  Occidental. 
30718.    From  Iloilo. 

30730.  From  Iloilo. 

30731  to  30736.    Vioha  sinenbis  (Tomer)  Savi.  Cowpea. 

(Haaskarl,  Cat«logus  Flantarum  in  Horto  Botanico  Bogorienai,  1S44,  p. 

279.) 

The  cowpea  up  to  this  time  baa  been  listed  in  theee  Inventories  as  Vigna 

imgvieuiata  (L.)  Walpere.     Mr.  C.  V.  Piper,  in  Bulletin  229,  Bureau  of  Plant 

Industry,  United  States  Department  of  Agriculture,  p.  143,  has  identified  the 

type  specimen  of  Dolithot  unguieulatitt  L.  in  the  Linnean  Herbarium,  on 

which  FifTia  unfUMuiafa(L.)WalpeTB  is  based,  as  a  species  of  Pbaseolus  which 

Urban  in  1905  redescribedaaPAouoIut  anttl{anut.    Apparently,  therefore,  the 

fint  name  applied  to  the  cowpea  is  Dolidtot  tinejuit  Tomer  (Centuria  II. 

Plantarum,  1756,  p.  28 ;  reprinted  in  Linmcus's  Amoenitates  Academicae,  vol .  i, 

1759,  p.  326),  on  which  is  based  tlie  name  here  used. 

30731.  Mixed,  bufi,  and  reddish  brown  seed  contained  in  this  lot. 
From  Iloilo. 

30733.    Mixed,  buS,  and  reddish  brown  seed  contained  in  Ibis  lot. 
From  NegTos  Occidental. 

80733.  Blackeye.    From  Jolo. 

80734.  Uarbled  reddish  brown.    From  Negros  Occidental. 
3073fi.    Black.    Fiom  Jolo. 

30730.    Black.    FiomJolo. 
80737  to  30730.    Phasbolus  calcaratus  Roxb. 
30727.    Black. 

30738.  Greenish  tan. 

30739.  Reddish  brown. 

30730.    Brown  and  Ian  seeds  mixed. 
All  of  tlie  above  are  from  Iloilo. 
30781  to  80738.    Phaseolus  radiatus  L.  Adsaki  beau. 

80731.    Brown.    From  Moro  Province. 

30732.  Green.    Prom  Jolo. 

30733.  Golden.    From  Iloilo. 

80734  and  3073S.    Cajan  imdicuu  Sprang.  Pigeon  pea. 

30734.  Black.    From  Iloilo. 
.30780.    White.    From  Ilocos  Sur. 

Uillet. 
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30737.  CiTBUS  LiHONUH  Risso.  Lemon. 
From  the  Salvation  Anuj  Industrial  Farm  at  Ani,  Dalaeh  P.  0.,  ria  Simlft,  India. 

Grown  at  an  elevation  ol  4,000  teet  in  the  famoua  Kulu  Valltgr  in  the  Hima- 

layaa.    Prweated  by  Mr.  F.  Booth  Tucker,  Salvation  Army,  Simla,  India. 

Received  May  3,  1911. 

"The  trees  and  fruit  (mm  which  these  seeds  were  taken  are  very  fine.    1  may  add 

that  we  have  had  a  particularly  severe  winter,  with  a  considerable  fall  of  snow  in  the 

valley.     Oui  oranges  and  lemona  were  a  good  deal  damaged  by  a  hailstorm,  but  not 

by  the  accompanying  frost  and  snow."     (TWier.) 

30738.  Medioaoo  satita  L.  Alfalfa. 
From  Punjab,  India,    I^^eented  by  Mr.  A.  C.  Hartless,  superintendent,  Govern' 

ment  Botanical  Gardens,  Seharunpur,  United  Provinces,  India.    Received 
May  2,  1911. 
"Received  from  the  Economic  Botanbt,  Punjab,  who  writes  that  it  is  the  best 
variety  grown  in  that  province."    (BartUti.) 

30738.     Solanum  niqrttu  L.  Nightshade. 

From  Isla  de  Pines.    Presented  by  Rev,  Cal,  (^bum,  Los  Aisles,  Cat.    Received 
March  10,  1911,     Numbered  May  3,  1911. 
Introduced  for  purposes  of  botanical  study  and  breeding  work. 

30740.  SoLANtJH  NioBuu  L.  Nightshade. 

From  Cbico,  Cal.    Received  through  Mr.  R.  L.  Beagles,  special  agent  acting  in 
charge,  Plant  Introduction  Garden,    Received  April,  1911.    Numbered  May 
3,  ISll. 
Introduced  for  the  same  purposes  as  the  above, 

30741.  Olea  bubopaea  L.  Olive. 
From  Sfax,  Tunis.    Purchased  from  Chatel  &  Jacquemart,  through  Mr.  T.  H. 

Kearney.    Received  May  2, 1911. 
Chemlali.    See  Nos.  22762  and  22763  for  previous  introduction. 
Truncheons. 

30742.  Anacabdium  excblsuh  (Bertero  and  Balbis)  Skeels. 
{Rhinocarpiu  exceUa  Bert«ro  and  Balbis;  Humboldt,  Bonpland,  and  Kunth, 

Nova  Genera  et  Species  Plantarum,  vol,  7,  1325,  p.  6,  pi,  60J.) 
{ATiaainiium  (7)  rhiTwcarpui  DC,  Prodromua,  vol.  2,  1825,  p.  62,) 
This  Colombian  tree,  closely  related  to  tbe  cashew  nut,  was  fint  named  Rlnnooarjniie 
exceUa  by  Humboldt,  Bonpland,  and  Kunth  in  1825,  and  was  afterwards  placed  in  the 
genus  Anacardium  by  De  Candolle,  who  used  tbe  generic  name  of  the  original  authors 
for  his  specific  name.  Tbe  binomial  ATmaartivm  exalnan,  which  is  tbe  correct  name 
for  tbe  species  according  to  present  rules  of  nomenclature,  seems  new  to  have  been 
published. 

Anaoarditim  exeebnim  is  a  tall  tree  found  in  (he  valley  of  the  Magdslena  River  in 
north^n  Colombia,  in  the  vicinity  of  Caracas  in  Venezuela,  and  in  Panama  and  San 
Salvador. 

From  San  Jose,  Costa  Bica.    Preoented  by  Mr,  0.  Werckl6,  Department  of  Agri- 
culture.   Received  May  3, 1911, 
This  Costa  Rican  species  of  cashew  is  recommended  by  Mr.  0.  F.  Cook  for  trial  as  a 
stock  for  the  mango  in  Florida. 
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30743.    CoLOOAsiA  sp.  Dasheen. 

Prom  Mukden,  Manchuria.    The  ragion  of  production  not  exactly  known,  but 
»id  to  be  in  the  northern  part  of  Chihli  Province,  China.    Procui^  by  Mr. 
EdwBid  C.  Parker,  agriculturist,  Bureau  of  Agriculture,  Industry,  and  Com- 
merce.    Received  May  3,  1911. 
"Taro.    ChineBename  Yuto."    (Pariw.) 

"The  tubers  received  were  small  and  resembled  those  of  the  Japaneee  daaheeus. 
They  are  mucilaginoua  and  lacking  in  flavor  when  cooked.  The  tuben  are  nonacrid 
even  when  uncooked,"    {R.  A.  Young.) 

30744  to  30748. 

fYom  Wulukai,  20  miles  north  of  Eirin,  the  capital  of  Eirin  Fiovince,  Manchuria, 
44°  north  latitude.    Procured  by  Mr.  Edward  C.  Parker,  agriculturist.  Bureau 
of  Agriculture,   Induati^-,  and  Commerce,  Mukden,  Manchuria.     Received 
May  3,  1911. 
Beeds  of  the  following;  quoted  notes  by  Mr.  Parker; 

"Wulukaiis  the  center  of  one  of  the  most  famous  and  fertile  soil  areas  of  north  Man- 
churia. The  climate  is  one  of  great  eitremee,  temperatures  ranging  from  42"  below 
sero  Fahrenheit  to  96°  above  zero.  Killing  froots  occur  occaaionalty  as  late  as  May  10 
and  may  reoccur  after  September  20.  This  district  is  aaid  to  have  been  partially  set- 
tled t(«  75  years  and  the  varieties  of  beans  are  reputed  to  be  of  tbe  same  age." 

80744  to  30747.    GLYaNS  mspiDA  (Uoench)  Maxim.  Soybean. 

30744.  "Black-eyebrow  soy  bean.  Chinese  name  Bd  md  toil.  This 
variety  is  classified  by  (he  Chinese  as  being  medium  late  is  date  of 
maturity." 

8074B.  Yellow,  "White-eyebrow  soy  bean.  Chinese  name  Pei  mei 
Urn.  This  variety  is  classified  by  the  Chinese  as  being  late  in  the  dat« 
of  maturity." 

80746.  Yellow.  "Compact,  round  soy  bean.  Chinese  name  Ctan 
yuan  toa.  This  variety  is  classified  by  the  Chinese  as  being  late  in 
date  of  maturity." 

80747.  "Big  black  soy  bean.  Chinese  name  Tah  hei  tou.  This  variety 
is  classified  by  the  Chinese  as  being  very  early  in  date  of  maturity. 
It  is  used  principally  as  a  feed  lor  work  horses  and  mules,  also  for  bean 
curd  and  for  oil  production." 

80748.    Phabbolus  aAnuTus  L.  Mung  b»aa. 

"Small  green  food  bean.  Chinese  name  Btiao  liu  tou.  Classified  by  the 
Chine«e  as  being  medium  late  in  date  of  maturity.  This  variety  is  doubtless 
from  the  same  stock  as  No.  28053.  It  is  grown  everywhere  in  Manchuria  for 
human  food,  being  boiled  with  kowliang  or  millet  and  also  ground  into  meal, 
mixed  with  kowliang  meal  and  made  into  vermicelli." 

80749.     Ipomoea  batatas  (L.)  Poir.  Sweet  potato. 

From  Auckland,  New  Zealand.    Presented  by  Arthur  Yates  &  Co.    Received 

May  4, 1911. 

"The  New  Zealand  kumara  has  been  chiefly  grown  by  our  native  race,  the  Maori, 

and  consequently  any  varieties  which  may  have  been  distinct  in  the  first  place  have 

long  nnce  become  crossed  so  that  it  is  cow  impossible  to  obtain  separate  sorts.    The 

tubers  sent  are  of  the  kumara  which  is  known  here  as  the  New  Zealand  red-ekinned 

kumara.    This  is  a  New  Zealand  variety  which  is  in  common  use  here."    (  YaUt  & 
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30760.  NicoTiANA  TABAQuu  L.  Tobacco. 
From  Rosa  Morsdft,  Acaponeta  District,  Topic,  Mexico.    Preoentad  b;^  Mr. 

Lauro  Liadaa,  Director  Genen^  of  Agriculture,  Mexico,  Mexico.    Received 
May  4, 1911. 
"Papantla." 

30761.  CoLocAsiA  sp.  DaBheen. 
From  Arimao,  Cuba.    Preoented  by  Mr.  Robert  M.  Grey,  Harvard  Botaoicd 

Station,  Central  Soledad,  Cieofuegofl,  Cuba.    Received  May  8, 1911. 
"Adaaheen  of  good  quality.    When  cooked  it  iamealy  and  nearly  white."    (R.A. 

Young.) 

30763.    ZiNziBER  OFFICINALE  RoBc.  White  gilder. 

From  Tsining,  via  Tainan,  Shantung,  China.    Pnsent«d  by  Dr.  C.  H.  Lytm. 
Received  May  3, 1911. 

30763  to  30763. 

From  Edinburgh,  Scotland.    Preeented  by  Dr.  Isaac  Bailey  Balfour,  director, 
Royal  Botanic  Gardens.    Received  April  25, 1911. 
Seeds  of  the  following: 

30703.    Bbbbebis  vtRBSCBHS  Hook.  f.  Bftrbeny. 

For  previous  introduction  see  No.  27122. 

30754.     BUBDLEIA  AtBIFLORA  Hemsl. 

DiibibutioTi.—Tiie  Patung  district  in  the  province  of  Hupeh,  China. 
S070S.    LuFnraa  arboreub  Sims. 

30756.  LuTiKua  poitpstllvs  Lindl. 

30757.  LupiHDS  pOLTPHTLLtra  Lindl. 
Variety  jnoerheitM. 

30768.    ScHizoNOTUB  ArrcHiBONi  (Hemsl.)  Skeels. 

(Spmea  aitehitoni  and  Sorharia  aiuhitoni  Hemaley,  Gardeners'  Chronicle, 
ser.  3,  vol.  23,  1900,  p.  254.) 

This  spirealike  shrub  from  Afghanistan  was  named  Spiraia  aildtttoni  by 
Dr.  Hemsley,  but  in  closing  tlie  article  he  remarks  as  follows:  "There  is  also 
a  difference  of  opinion  as  U>  the  limits  of  the  genus  Spiraea.  The  name  Sor- 
baria  was  long  ago  proposed  for  S.  lorbifolvi;  and  S.  lindkyoTia,  S.  grandifitm, 
and  S.  hirUowi  belong  to  the  same  group.  Taking  this  view,  out  plant  would 
have  to  be  called  Soriaria  aiuJiiioni."  The  generic  name  Sorharia  was  pub- 
lished by  A.  Braun  (Aecherson,  Flora  Brandenburg,  p.  177)  in  1864,  with  one 
species  Sorharia  torbi/olia,  based  on  Spiraea  torbifolia  L.  But  in  1830 
Lindley  (Introduction  to  the  Natural  System  of  Botany,  p.  81)  established  the 
genus  SchizonotUB,  also  baaed  on  Spiraea  torbifolia  L.  It  is  th^efore  necewary 
to  uee  the  binomial  proposed  above. 

Sdatonotut  aitehiioni  was  first  discovered  by  Dr.  Aitchiaon  in  tiie  v^ley  of 
the  Euram  River  in  Afghanistan  at  elevations  of  7,000  to  9,000  feet  and  has  also 
been  reported  from  the  province  of  Kashmir  in  northern  India. 
3075B.    Clethra  arborea  Solander. 

VUtribulion. — A  small  tree  with  elliptical,  serrate  leaves  and  flagrant  white 
flowers  in  spicate  racemes,  found  in  the  Madeira  Idanda. 
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30760.  Gi<ouoaA  siipkkba  L. 

DUlnbu&nt.—Tiizoughout  ttopickl  India  from  the  ncffthweatem  Eimolaysa 
to  Ca^lcm  ukd  autmtd  to  Malotlw  and  Cochin  Ghia»;  also  in  the  Mozambique 
district  of  eaetwD  Africa  and  in  Guinea  on  the  weatem  coast. 

30761.  CAiupim  htteucdolu  (Salieb.)  SkeeU. 
(JfefronfenM^pmetfUuSalisb.    Prodromus,  1796,  p.  361). 

The  aeeds  of  this  Auatraltan  ahrub  beiongiDg  to  the  family  Uyrtaceoe  were 
received  under  the  name  iteUdeuea  hyperic^olia  Smith  (Transactions  of  the 
Linnean  Bociety,  vol.  3,  1797,  p.  279).  The  generic  name  Uelaleuca  waa 
published  by  Linnsus  (Mantissa  PUntanun,  p.  105)  in  17S7,  with  one  apeciea, 
M.  leueadendra,  based  on  Myrtut  Uucadendra  Stickman  (Herbarium  Amboin- 
enBe,1764,  p.  9;  reprinted  inLinnaeus's  Amoenitatea  Academicae,Tol.  4, 1759, 
p.  120).  HowevOT,  in  1763,  Adanaon  (Famillea  dee  Plantea,  vol.  2,  pp.  84, 
630)  had  published  the  generic  name  Ci^uputi,  based  on  plate  16  of  volume 
2  in  Rumi^i's  Herbarium  Amboinenee,  Uie  same  plate  on  which  Myrlui 
Uueadmdrtt  was  founded.  It  is  thenfore  neceBsary  to  use  the  generic  name 
CajupuU  for  the  species  congeneric  with  Myrtui  levaidtndra  Stickman.  Thie 
coume  has  already  been  adopted  by  Lyons  (Plant  Names,  Scientific  and  Popu- 
lar, 1900,  p.  74);  see  No.  30793. 

IHttribuiwrn. — A  tall  shrub  with  rich  red  flowers  in  spikes  2  inches  long, 
found  in  damp  places  in  the  vicinity  of  Port  Jackson  in  Hew  South  Wales, 
Australia. 

80762.  Pkuola  hullbtana  Forrest.  Fiimxoae. 

80763.  Pkiuvla  uitoniana  Forreet.  Primroae. 
30764  to  30822. 

From  Cambridge,  England.    Presented  by  Dr.  R.  Irwin  Lynch,  curator,  Uni- 
versity Botanic  Garden,  Cambridge  Univeraty.    Received  April  25, 1011. 
Seeds  of  the  following: 

80764.  Clkmatu  intkobitolia  X  viticblla.  Clematis. 
See  No.  29927  lor  previous  introduction. 

S076S.    CLB1CATI8  QRAVKoLsNB  Lindl.  ClemAtis. 

IHtlriinUion. — On  the  temperate  slopes  of  the  western  Himalayas  at  an 
elevation  of  e,000  to  11,000  feet  in  northern  India. 

30766.    Clikatis  bebaclsabfoua  DC  ClaioatU. 

Ditbibutum. — On  the  slopes  of  the  mountains  in  the  provinces  of  Chihli  and 
Shantung,  China. 

80707.    Clkkatib  iHTEOBtPoUA  L.  Clematis. 

See  No.  26844  for  previous  indoduction. 

80768.  Clkuatu  rkcta  L.  Clematis. 
Dittribulum. — Southern  Europe  extending  from  northern  Spain  to  central 

Russia. 

80769.  Bbrbkrib  lyciuv  Boyle.  Barberry. 
See  No.  1603  for  previous  introduction. 

IHttribalMn. — On  the  dry,  hot  slopes  of  the  Htmalay^ts  at  an  elevation  of 
3,000  to  9,000  feet  in  the  northwealem  part  of  India. 

80770.  X  Bkbbbbis  stbnofhtuji  Lindl. 
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30764  to  30822— Continued. 

30771.    C&AUBE  coRDiroLiA  Stev. 

Diftrtbufirm.— An  herbaceous  perennial  found  in  deaert  places  at  the  foot  of 
the  northern  slope  of  the  Caucasus  Uountoins  ia  the  vicinity  of  Pyatigotsk  and 
Uozdok,  Ruaraa. 
80773.    PirroBPORUH  crasbifouuii  Solaader. 

DittribiUion.— Along  the  shores  of  the  islands  of  New  Zealand. 
80778.    PTTToapOBDH  HBTEBOFHYU.nH  Francbet. 

I}ittnbution.—k  shrub  6  to  12  feet  high  growing  on  dopes  of  limeatone  moun 
tains  at  an  altitude  of  7,000  feet  in  the  province  of  Yunnan,  China. 
30774.    C&ANOTBUs  VBiTCHUNtis  Hook. 

Apparently  a  hybrid  between  some  of  the  epeciee  native  to  the  region  around 
San  Francisco  Bay,  Cal. 
3077B.    CoRiASU  7EEM1NALIB  Hemsl. 

Dittribution. — A  shrub  found  on  the  frontier  between  the  province  of  Szech* 
wan,  China,  and  Tibet,  and  in  Sikkim  in  noiHieni  India,  at  am  altitude  of  9,000 
to  13,000  feet. 

80776.  Acacia  camia  (L.)  WiUd. 

Dittribution. — On  the  lower  slopes  of  the  Himalayas  in  the  province  of  Behar 
and  in  Burma  in  India,  and  in  the  Malay  Archipelago. 

80777.  Acacxa  cyclops  Cunningham. 

Dittnbuliim. — In  the  region  around  King  Geoige  Sound  and  in  the  valley 
of  the  Swan  and  Preston  rivers  in  West  Aualralia. 

80778.  Acacia  HAKBomBS  Ciuiningliam.  Western  black  irottle. 
Dufributton. — Along  the  Lachlan  and  Severn  Blvem  in  New  South  Wales, 

and  in  the  Murray  Deaert  in  Victoria,  Australia. 
80778.    Acacia 'leftoclada  Cunningham. 

Dittribution. — la  New  South  Wales  and  on  the  eastern  coast  of  Queensland 
in  Australia. 

30780.  Acacia  lonoitolu.  (Audi.)  Willd. 
See  No.  26304  for  provious  introduction. 

30781.  Acacia  mbbuvolia  Cunnin^iam. 
See  No.  10477  for  previous  introduction. 

Dittribution— -la  open  foroets  on  the  Balonne  River  in  Queensland,  and  in 
New  South  Wales  and  South  Australia. 

80783.  Acacia  fbnminkrvib  Sieb. 
See  No.  1827  for  previous  introduction. 

Ditbibution. — Rocky  slopes  of  the  mountains  in  the  provinces  of  Queensland, 
New  South  Wales,  and  Victoria,  Australia,  and  in  the  island  of  Taamania. 
30783.    Acacia  sPBCTrABius  Cunningham.  Hodgee  wattle. 

See  No.  1838  for  previous  introduction. 

Z>titrtbuew>n.— In  the  river  valleys  of  Queensland  and  New  South  Wales, 
Australia. 

80784.  Cabagana  ABBO^tscKNs  Lam.  Siberian  pea  trev. 
See  No.  29960  for  previous  introduction. 

8078B.    Caraoana  AXBOBBMKira  Lam.  SOwilan  p*a  tr»«. 

Variety  pmdula.  /  ~  i 

242  Digilizec  by  ^nOi  W  LL 


APBIL  1  TO  JUNE  30,  19U.  41 

30764  to  308Sa— Continued. 

30786.  CoLDTBA  ABBORBSCBNB  L.  Blftdder  Benua. 
See  No.  1570  for  previous  iDtroduction. 

iKtfnfrufum.—SOutiiera  Europe,  wertem  AaU,  mnd  northern  Afria,  extend- 
ing from  Fi&nce  and  GennBuy  eaaCward  to  Syria. 

30787.  CoLUTRA  0KIBKTAU8  Miller. 

DittrUnition. — On   stony  hillaidee  in  the  Caucasiu  legion  of  eoutbeMtem 
Ruama  and  extending  eastward  through  northern  Penut  to  Turke^tui. 
307Sa.    Rosa  dauabckma  Uiller  Bime. 

80769.    BOBA  CANiNA  L.  Boss. 

See  No.  26266  and  28236  for  previoiu  intToductions. 
30700.    Rosa  macbophylla  Lindl.  Rose. 

See  No.  28239  for  previoua  introduction. 

30791.  ScHizoNOTUfi  AiTCHisoHi  (Hemal.)  Skeels. 
See  No.  30758  (or  previoui  introduction. 

30792.  Ulmaeia  tojpbnbuu  (L.)  Hill. 

Dittribution, — In  meadows,  pasturea.  and  Open  woods  of  Europe  and  Asia, 
«xt«ndii^  eaatvard  to  Dsungoria  and  the  Altai  Mountains. 
8079S.    Cajuputi  BuaroLiA  (Smith)  Lyons.  Bottle-brtwb  tea-tree. 

DittrAution. — A  t&Il  dmib  or  nnall  tree  growing  in  swampy  ground  along 
Btnuna  or  new  the  sea  in  the  provinces  of  New  South  Wales  and  Victoria, 
Ausbalia,  and  in  Taaoania. 

80794.    CAmrun  stteiucifolia  (Salisb.)  Skeela. 
80790.    CAnTFtJTi  PDBBBOENB  (Schauer)BIceels. 

(Melalatea  pubeteem  Schauer,  in  Walpen'  Bepertorium,  vol.  2,  1843, 
p.  928.) 

The  reason  for  the  use  of  the  generic  name  Cajuputi  for  the  plants  usually 
known  as  Melaleuca  is  explained  under  No.  30701. 

DittrAuticn. — A  tall  shrub  or  small  tree  found  along  the  banks  of  streams  in 
Victoria  and  South  and  West  Austialia,  Australia. 
30790.    Cabuu  carti  L.  Ckraway. 

See  No.  26445  bx  previous  introduction. 

80797.  CoRBOPsiB  TiNCTosiA  Nuttall. 
See  No.  12975  for  previous  introduction. 

80798.  Dahlia  oracilib  OrU^.  Dahlia. 
See  No.  28216  for  previous  introduction. 

30799.    Dahlia  vbrokii  Lehm.  Sahlift. 

See  Noe.  21664  and  21555  for  previous  intaoducUons. 

DtMtnbution.—'ln  the  region  of  San  Luis  Potosi  in  northern  H«xico,  and  cat 
the  aummit  of  a  mountain  near  Guadalupe  in  Bouthem  Mexico. 
80800.    Senecio  tbitchumus  Hemsl. 

DittrSnUian.—A  yellow-flowered  herbaceous  perennial  found  in  bogs  and 
wet  places  at  an  altitude  of  4,000  to  6,000  feet  in  the  province  of  Hupeh,  China. 
S0801.    Primula  kewbnbib  Hort.  Primrose. 

A  hybrid  of  garden  origin  between  Primubt  florihunda  and  P.  wtieUUiia. 
342 
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30764  to  S0822— Continued. 

S0803.    Fbazinus  bxcelbior  L.  Aah. 

Diitributwn. — Throughout  central  and  nwQum  Europe  and  in  the  CaucsBua 
legion  of  weatem  Asia. 
30803.    FitAjciNtis  BXOBLSIOB  L.  Aah. 

Variety  paidula. 
80804.    Bdddlbia  albiplora  Henud. 
80806.    BuDSLBiA  HEHSLBVAHA  Koehne. 

Dutrilmtum. — In  the  provincee  of  Hupeh  and  SEecWan,  China. 
30S06.    BuDDLEiA  VARiABiLiB  Hemsl. 

DittfUnition. — A  ahrub  growing  on  the  dopee  of  the  mountains  up  to  6,000 
feet  in  the  provinces  of  Hupeh  and  Szechwsn,  China. 
S0807.    Veronica  saucifoua  Forater. 

DuCrUmtion. — A  shrub  from  3  to  15  feet  high  growing  from  sea  level  to  3,600 
faet  elevation  in  the  islands  of  New  Zealand. 
80808.    ViacuM  album  L.  Uatletoe. 

See  No.  24606  ior  previous  introduction. 
308O0.    Ptbbocarta  ritAXiKiroLiA  (lAm.)  Spach.  Oauoaai&ii  waJnat. 

Dislribulwn. — A  tree  found  in  the  woods  Ixodering  on  the  southam  parts  of 
the  Black  and  Caspian  seas,  and  in  the  northern  part  of  Pnaia. 

See  No.  277SS  tor  previous  introduction. 
80810.    Pterocarta  stenoftbraDO.  inncnut. 

See  No.  6609  for  previous  introduction. 

Diitribution. — On  mountain  slopes  in  the  provinces  of  Eiangsu,  Chekiang, 
Kiaugei,  Hupeh,  Szechwan,  Yunnan,  and  Kwangn,  China. 
80811  and  30812.    Bbtula  nana  L.  Blroh. 

30811.    Variety  cranofa.  30812.    Variety  pnvfu Id. 

30813.  Laris  dahurica  Turcz.  Siberian  Unih. 
Variety  petidula. 

30814.  Lasix  LBproi^pie  (Sieb.  and  Zucc.)  Gord.  Japaneae  l«rch. 
See  No.  6672  for  previous  introduction. 

IHitr^nttion. — Slopes  of  the  mountains  in  northern  and  central  Japan  extend- 
ing from  Bokuabu  (Yezo)  southward  to  the  region  around  Yokcdiama. 
3081K.    PiNDs  BALEPENsiB  Miller.  Hue. 

DwfrifruHon  — On  dry  hills  in  the  countries  bordering  on  the  Meditemneam 
from  Portugal  to  Syria  and  in  northern  Africa. 
S0816.    Alpinia  ucncA  Bcxb. 

DiitrihtUion. — An  herbaceous  perennial  with  large  irtiite  flowers  vari^ated 
with  red  and  yellow,  found  in  (he  Malay  Peninmila  and  Id  the  Ualay  Archi- 
pel^o. 

30817.  IzioLiRiON  TATARicuu  (Pall.)  Herbert. 

DittiibxUion. — A  bulbous  herbaceous  perennial  growing  from  the  Caucasus 
region  eastward  through  southern  Siberia  and  Turkestan  to  Dmngaria. 

30818.  AsPARAOVS  CRiSPUB  Lam. 
See  No.  30218  for  previous  introduction. 


3vGoo^^lc 


APHIL  1  TO  JUNE  30,  1911,  43 

80764  to  S082S— Contiaued. 

S08ie.    AaPAuaus  scandbns  dbflbxtts  Baker.  Aiparagtu. 

See  No.  29120  tor  previooa  intniductioii. 
808SO.    Ijvwtona  hooobndorfii  Andre.  Palm, 

See  No.  9724  for  previous  iatroducdoD. 

DiitribtUitm. — A  palm  from  the  id&nd  of  Java. 
30831.    AOKOsns  CANINA  L.  Rhode  Island  bent-graaa. 

See  No.  18413  foi  previous  intioductioD. 
308SS.    Dacftub  olousbata  L.  Orchard  graaa. 

30823.  G088YFIUH    BABBADENSE  L.  OottOIl. 

From  Alexandria,  Egypt.    Preeented  by  Ur.  D.  S.  Piah,  secretary,  Horticultural 
Society.    Received  May  16,  1911. 
Saiellaridit.     "This  variety  ia  of  quite  receot  introduction  and  produces  the  beat 
Egyptian  cotton.    The  seed  sent  is  said  to  have  been  saved  from  selected  plants." 
(J-iri.) 

30824.  MccuNA  hibbioata  DC. 

From  Calcutta,  India.    Preeeoted  by  Uaj.  A.  T.  Gage,  superintendent.  Royal 
Botanic  Garden.    Received  May  23,  1911. 
IHibibulion. — In  the  tropical  region  of  India,  rising  to  an  elevation  of  4,000  feet  in 
the  eaatem  Himalayas. 

30636  to  30637.    Vms  vinifeba  L.  Orape. 

From  Tiflis,  Caucaeus,  Ruaaia.    Preeented  by  Mr.  A.  RoUoft,  Botanic  Garden. 
Received  May  6,  1911. 
Cuttinga  of  the  following; 

308911.    Mtihali.    A  desert  variety.    Does  well  in  alkaline  soils.    Bipena 
from  September  1  to  15. 

30826.  Bandi.    Fruitful  dessert  variety.    May  be  kept  until  Easter. 

30827.  BOiafei.    This  appears  to  be  the  same  as  the  Shalai,  No.  27021;  see 
this  number  for  description. 

30828.    MusA  sp.  Banana. 

From  Pirapo,  Paraguay.  Presented  by  Mr.  C.  P.  Mead.  Received  May  6, 1911. 
"Paraguayan  banana,  botanical  name  unknown  unless  it  is  a  apoK  from  M\aa 
aayUntium,  Grows  to  a  height  of  20  to  25  feet,  very  large  and  heavy  leaves  which  are 
raveled  easily  by  the  wind,  making  a  dirty  and  unpopular  plant.  Fruit  in  very  large 
bunches  up  to  100  pounds  in  weigh  t  and  classed  by  many  travelers  aa  the  finest  flavored 
of  all  buianas,  which  is  my  opinion  aiao  as  compued  with  Hawaiian,  Mexican,  Central 
American,  and  Brazilian  varieties."     (Mead.) 

30838  and  30830.    Medioaoo  spp.  Alfalfa. 

From  Russia.    Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer, 
Hay  3, 1910.    Numbered  May  8, 1911. 
Flanta  of  the  following: 

808S0.    From  near  Yeliaavetpol,  Caucasus,  Russia. 

"(No.  756,  April  7,  1910.)  An  alfalfa  growing  wild  along  banks  of  ravinra, 
in  open  plains,  and  along  roads,  in  rather  heavy,  clayey  soil.  Much  sought  for 
by  grazing  cattle  and  horses,  who  grow  fat  on  it.  Called  by  local  German 
"»  n„,„==„C0Oylc 
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30829  and  30830— Continued. 
30838— Continued . 
BftOleie  Stemllee.    Apparently  of  value  as  a  fodder  plant  in  eemiarid  regiona." 

.30S30.    From  near  Helenendorf,  Caucasus,  Ruflsa. 

"(No.  7G7,  April  5,  1910.)    A  perennial  alfalfa  growing  on  limey,  clayey  soil 
along  banks  and  on  ridgee;  makes  very  long  roots  and  is  apparently  drought 
resistant.    Called  by  local  Geiman  settlen  Suinkles.    Of  value  like  the  pie- 
ceding  number."    {Meyer.) 
30831  and  30832.    Fhorhium  spp.  Kew  Zealand  flax. 

FVom  Greendale,  Canterbury,  New  Zealand.    Presented  by  Mr.  T.  W.  Adams. 
Received  May  6, 1911. 
Seeds  of  the  following;  notes  by  Ur.  Adams: 
30831.    Phobmiuu  tbhaX  Forat. 

"Seeds  of  several  varieties  that  I  have  growing  here,  some  of  Ihem  are  orna- 
mental and  all  are  good  fiber  sorts." 
80832.    PHOBjauH  cookiahuu  Le  Jolie. 
"This  variety  is  ormuneutal  in  flower  and  fruit,  but  poor  as  a  fiber  plant." 
30833.    Entelea  abbobesoens  K.  Brown.  Whau. 

ftem  Epsom,  Auckland,  New  Zealand.    Presented  by  Mr.  W.  Petrie.    Received 
May  6  and  9, 1911. 
"lUs  plant  is  not  a  hardy  one  and  will  baiely  withstand  even  alight  frosts.    It  is 
moet  plentiful  on  small  coastal  islaiide  in  the  northera  part  of  New  Zealand,  and  at  the 
upper  slopes  of  wooded  gullies  above  the  fog  line  in  autumn  and  winter.    The  seed 
growB  moat  readily  in  my  garden;  indeed,  seedlings  are  quite  a  weed."    (Peine.) 

"This  plant  is  greedily  eaten  by  cattle  and  hoieee,  and  consequently  is  becoming 
rare  fast  on  the  mainland,  except  in  comparatively  inacceesible  situations.  It  is  still 
plentiful  on  most  of  the  small  outlying  idande  on  the  northeast  coast  of  the  Auckland 
diatrict,  often  exhibiting  great  luxuriance.  On  Cuvier  Island  I  measured  leaves  with 
pelaoiss  2  feet  long,  with  a  blade  1  foot  6  inchee  in  diameter."  (Cheeteman,  Manval 
New  Zealand  Flora,  p.  83,  1906.) 

"This  introduction  is  a  tree  already  tried  in  California  and  found  to  be  a  very  rapid 
grower.    It  is  made  for  the  purpose  of  ascertaining  the  possibility  of  using  the  saw- 
dust of  the  wood,  which  is  very  soft  and  li^t,  as  packing  for  grapes  in  place  of  the 
cork  and  redwood  sawdust  conunoaly  used."    {S.  C.  Stana.) 
30634.    Entelea  ahbobescens  R.  Brown.  Whau. 

¥nm  Auckland,  New  Zealand.    Presented  by  Mr.  E.  Clifton,  director.  Depart- 
ment of  Agriculture,  Commerce,  and  Tourists,  WelltDgtoa,  New  Zealand. 
Received  May  9,  1911. 
See  No.  30833  for  description. 
30836.    Annona  senegalensis  Pers.  Annona, 

From  Sacikela,  Angola,  West  Africa.    Presented  by  Mr.  Merlin  W.  Ennis,  Ben- 
guela,  Weet  Africa,  via  Lisbon.    Received  May  9,  1911. 
"Seeds  of  a  dwarf  oonona.    The  plant  is  about  the  aize  of  the  huckleberry  and 
favors  about  the  same  sort  of  soil  and  location.    The  fruit  is  the  size  of  a  small  apple, 
and  some  have  a  decidedly  pleasant  taste.    In  its  wild  state  the  plant  is  killed  down 
every  year  by  the  fires,  so  I  think  it  could  be  grown  auywhwe  in  the  South  where 
the  ground  does  not  freeze."    {EnnU.) 
See  No,  25169  for  previous  introduction.  Diginzec  by  C.30t.>^^IC 
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80836  to  30838. 

Fhim  Nice,  France,    n^sented  by  Dr.  A.  Rob«rtKiii  Froschomky.    Received 
May  1,  1911. 
Quoted  notes  on  the  following  by  Dr.  Proscbowsky: 

80886.  SoLANim  niordu  L.  Nigrbtehttde. 
"Tbia  plant  at  Nice  is  in  flower  and  fruit  any  time  of  the  year." 

Seeds. 

80887.  Cttbdb  sp. 

"Poire  da  Commandew.  An  agrume  (a  citrus  fruit)  forming  a  very  beautiful 
tree,  with  its  large  pear-shaped  fruits,  which  are  of  a  pleasantly  acid  flavor  and 
furnish  a  good  lemonade." 

Seeds. 
308S8.     Opumu  Bp. 

"This  isafmitofgreatmerit,  most  agrewble  and  refrediing,  and  if  not  bruised 
keeps  in  good  state  all  through  the  winter." 
Cuttings. 
30839  to  30841.    Gltcine  HisproA  (Moench.)  Maxim.     Soy  bean. 
From  Bengal,  India.    Preeenl«d  by  Mr.  E.  J.  Woodhouse,  Department  ot  Agri- 
culture.   Received  Hay  9, 1911. 
SeedB  of  the  followii^: 

30830.    Black.  30841.    Chocolate. 

30840.  Yellow. 
"These  varietiee  of  soy  beans  are  cultivated  to  a  very  small  extent  on  the  plains  of 
Bengal,  mostly  north  of  the  Ganges.  They  have  probably  spread  outward  from  the 
Himalayas,  as  their  vernacular  name,  Bhettnat,  is  the  same  as  that  used  by  the  Bhutias. 
They  have  been  grown  here  for  two  years  and  breed  true;  they  have  been  analyzed 
by  Hr.  C.  S.  Taylor,  agricultural  chemist  to  the  government,  who  finds  that  the 
black-eeeded  variety  yields  an  average  of  38 .4  per  cent  of  proteid  (NX6.3),  the  yellow 
-variety  36.5,  and  the  chocolate  32.6.  They  are  all  decumbent  plants  with  small 
violet  flowers  and  witli  the  upright  toA  of  the  branches  more  twining.  The  black- 
aeeded  variety  is  not  so  tall  growing  and  has  rather  smaller  bullate  leaves,  so  that  it 
can  be  easily  dietingutfihed  in  the  field  from  the  other  two  varietiee.  Plate  II,  fig.  2, 
of  Bulletin  197,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  gives  a 
fair  idea  of  the  vegetative  stage  of  Qxe  chocolate  and  yellow  seeded  varieties. 

"The  seeds  are  sown  here  in  June  at  the  break  of  the  monsoon  and  ai«  harvested 
in  December.  The  plants  die  out  very  easily  if  water-logged  early  in  growth  and 
yield  badly  if  the  moisture  fails  at  the  flowering  season."    (Woodhotue.) 

30842.  HoBDEuu  yttloakb  L.  Hull-leaa  barley. 

From  Cawnpore,  United  Provinces,  India.    Presented  by  Mr.  H.  Martin  Leake, 
Land  Records  and  Agriculture.    Received  May  I,  1911. 

30843.  Safota  zafotilla  (Jacq.)  Coville.  SapodlUa. 
FVom  Christiansted,  8t.  Croix,  Danish  West  Indiee.    ^eemted  by  Mr.  A.  J. 

Blackwood,  American  consular  agent.    Received  May  10,  1911. 
"lliis  pear«haped  variety  is  considered  the  finest  flavored  and  best  grown  in  the 
island."    (Bladnnood.) 
Plants. 
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30844  to  30867. 

From  Sapporo,  Japan.    Frewnited  by  Prof.  T.  Miiuuni,  BaUuic  Gwdea,  College 
of  Agriculture,  Tohoku  Imperial  Univenity.    Received  May  9, 1911. 
Seeds  ot  the  following: 

30S44.    AcKB  DtABOUOUK  Bl.  Xaple. 

Dialribuiion. — In  the  istaoda  of  Honshu  (Hondo)  and  Kiushu  in  Japan. 
30846.    Acer  tJKVRUNDtTENsE  Trautv.  and  Meyer.  Kaple. 

Ditlribntion.—'She  Amur  r^on  of  Manchuria,  the  island  of  Sakhalin,  and 
the  islands  of  Hoku^u  (Yezo)  and  Hondiu  (Hondo)  in  Japan. 
30846.    Bbrbkris  kobbaka  Palibin.  Bftrberry. 

Ditlribution. — Known  only  from  tbe  vicinity  of  Seoul,  in  Chosen  (Korea.). 
S0847.    VnuBNnii  BAMomnn  Koehne. 

Dittrilniiion.—k  shrub  resembling  VHnimum  optdu$  h.,  found  in  the  vicinity 
of  Peking,  China,  and  also  in  Japan. 
30848.    Ceecidiphtlldk  lAPomcuH  Sieb.  and  Zucc. 

DittrHmtion.—A  deciduous,  bushy  tree  found  in  the  woods  on  the  mountain 
slopes  in  Japan  from  Hokushu  (Yezo)  to  Kiushu. 
80849.    Ledcothob  qkatana  Maxim. 

Diitribtttion. — An  ornamental,  low,  half-eveigreen  shrub  found  on  wooded 
dopes  in  the  islands  of  Japan. 

30860.  Rbododbnukon  ai;Bbechti  Maxim. 

IHttribution. — In  the  wooded  subalpine  valleys  of  the  volcanic  mountains 
ol  Japan. 

30861.  VACdNicu  BnasoBBi  Miq. 

DvtrSnilion.—Iji  the  woods  on  the  mountain  slopee  of  northern  and  central 
Japan. 
3086!^    VAcoNrnir  oojutuii  Thunb. 

DittrSnUwn.—A  much-bnmched  shrub  cultivated  generally  in  Japan;  prob- 
ably wild  in  the  province  of  Bitchu. 
30863.    Vacciniuh  japonicum  Miq. 

DiilrHnUion. — In  the  woods  on  the  alpine  slopes  of  the  mountains  in  the 
island  of  Japan.  . 

80864.    VACCiHinii  vma-iDAEA  L.  Cowbeny. 

30868.    Akgbia  lobata  Decaisne. 

See  Nob.  24744  and  26424  for  previous  introductions. 
30886.    PiCEA  ABIES  (L.)  Karst.  Norway  apruce. 

30867.  Cbataequs  jozana  Schneider. 

Distribution.— In  the  island  of  Hokushu  (Yezo),  in  northern  Japan. 

30868.  Eriobotrya  jafonica  (Thunb.)  Lindl.  IiOquftt. 
30880.  Frunus  ihcisa  xtrRiLENSia  (Miyabe)  Koidzumi. 

DufnOution. — A  straggling  shrub  found  on  exposed  hilltops  in  the  Kuril 

30800.    Pbunus  MAZmowiczn  Rupr. 

Diitributiim.—Baetera  Manchuria,  Sakhalin  Island,  and  in  Japan. 
30861.    Pruhus  psbuikmjbrasus  Lindl.  FIoTexiiif  «h«rr7. 
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30844  to  30867-Continued. 

30863.    Rhodottfos  KBBRion>ia  Sieb.  and  Zucc. 

S086S.    Rosa  hultiflosa  Thunb.  Koaa. 

VKiety. 

80804.      PRZU.ODENDBON    BACBALINBNBR    SoTgeilt. 

"Of  the  three  epeciea  of  this  geaua  established  in  the  Arboretum,  Phelloden- 
dnm  ladiaiiinaiM  is  the  faa&dsomeet.  All  the  speciee  are  Dativea  of  easlern  Asia 
and  are  nuall  trees  with  piosate  leaves,  small  clusters  of  incoospicuous  yellow 
flowen,  the  male  and  female  flowera  being  produced  on  different  individuals, 
and  black  beirylike  fruits.  They  have  bright  yellow  wood  and  roots,  and  all 
ports  of  these  trees  are  permeated  with  a  fragrant  aromatic  oil,  which  apparently 
makee  them  immune  from  the  attacks  of  insects.  P.  tachalincrue,  which  is  a 
native  of  Sakhalin  and  the  northern  island  of  Japan,  has  grown  in  the  Arbo- 
retum into  a  tree  about  30  feet  high,  with  a  tall,  strai^t  trunk  and  wide-spread- 
ing branches,  forming  a  shapely,  flat-topp«d  head.  Theseedlings  springing  up 
naturally  near  the  old  trees  indicate  that  it  is  likely  to  hold  its  own  in  New 
England.  The  hardinees  of  thie  tree,  its  rapid  growth,  and  the  fact  that  it  is  not 
injured  by  insects  suggest  that  this  is  a  good  subject  to  plant  in  narrow  streets." 
(BuBttm  C^  Popular  Infarmatioti,  No.  7,  Armld  Arboretum,  Harvard  Unu 
venity.) 

Diitribuium. — An  ornamental  deciduous  tree  found  in  the  vicinity  of  Seoul, 
Choeen  (Korea),  the  southern  part  of  the  island  of  Sakhalin,  and  in  the  vicinitieB 
of  St^poro  and  Hakodate  is  tlie  island  of  Hokushu  (Yeso),  Japan. 
80885.    Diorr&us  lutba  L.  7oxgloT«. 

i>t>tri&u(H>n.— In  gravelly  places  in  southern  Europe,  extending  from  France 
and  Italy  eastward  to  Greece, 
80800.    Ulmus  qubba  Uiller.  Elm. 

Variety  japonUa.  "This  form  very  much  reeemblea  the  Amoican  elm  in 
habit,  foliage,  and  pubescence,  but  die  flowers  and  fruits  are  like  those  of  U. 
eoMfOtrU."    {BmUy't  Cyeloptdia  o/Amtriam  Eorticulttat.) 

2>utrifrutuni.— In  woods  and  copses  on  the  altnne  slopes  of  Japanese  moun- 

80807.  CLEaonxMDBiiH  tkichotoicuii  Tbunb. 

"A  very  handsome,  hardy  shrub.  In  the  north  it  UUs  to  the  ground  but 
spiQntsup  il  the  crown  is  protected."  (Baxley' tCy<iop«iia  of  American  Horti- 
euUure.) 

DiMtribviion. — In  clumps  of  shrubbery  on  the  margin  of  woods  in  the  vicinity 
oi  Yokoeuka  in  central  Japan,  and  southwestward  to  Nagasaki  on  the  island 
of  Eitudiu. 

30868  to  30880. 

From  Philippine  Islands.    Received  tbrou^  Ur.  C.  V.  Piper,  Bureau  of  I^ant 
InduBbry,  Hay  4, 1»11. 
Seeds  of  the  following;  quoted  notee  by  Mr.  Piper: 

80808.  AoATi  QRANDiPLOKA  (L.)  Desv. 
(5ei&amafnin({^;foraPoir.;  S^Tiiagran&pjra'L.) 

"Oau>i-i;awi.  A  very  rapid-growing  tree  15  to  20  feet  high  producing  abun- 
dant flowers  and  seed.  The  flowers  are  fleshy  and  are  eaten  as  salad  by  the 
natives.    Used  lor  diade  and  windbreaks." 
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80868  to  30880— Continued. 

80869.  Vms  babbata  Wall.  Grap«. 
"A  native  grape." 

iHitrifrufton. — On  the  Ehasi  Hilla  ascending  to  an  elevation  of  3,000  feet,  and 
in  tbe  provinces  of  Amun,  Sylhet,  F^^,  and  Tenaagerim  in  India. 

80870.  Opbrcuuna  tdrfbthuh  <L.)  Manso. 

"A  moming-gloiT  with  large  white  floweis  and  mudt-inflatad  pods.  Quite 
oniuneiital, ' ' 

iKriribution.— Throughout  India  and  extending  southeastward  through  the 
Malay  Archipelago  and  Polynesia  to  Australia. 

80871.  Ipomoba  ep.  IComlnB^^oiy. 
"A  inoming.f^ory  with  rather  eoaall  yellow  flowers." 

30872.    Ipomoba  sp.  Komiiigr-gloTy. 

"A  slender  native  nionung.gloTy." 

80878.    Mkibomu  lasiocarfa  (Beauv.)  Euntze. 
"AgpecieeS  to  5  feet  bi^  producii^  abundant  seed  in  dense  clusterB." 
iKjtritwKon.— Prom  the  Himalayas,  where  it  ascenda  to  an  elevation  of  4,000 

feet,  through  India,  Ceylon,  and  Uie  Malay  Archipelago  to  the  Philippines,  and 

in  Madagascar  and  tropical  Africa. 

80674.    Mbiboiua  oanobtica  (L.)  Kuntze. 
"A  spedee  3  to  4  feet  bigb,  the  eeed  not  very  abundant." 
Dutribution. — Throughout  the  Tropics  of  the  Eastern  Hemisphere  from 

Africa  and  India  eastward  to  China  and  Australia. 

80876.    MEiBoiaA  FVhcasLLi  (L.)  Kuntze. 
"A  half-shrubby  speciee,  3  to  6  feet  hi^,  producing  abundant  seed." 
DiitrHmtion. — From  theeaetern  Himalayas  in  India  southweetward  to  Ceylon, 

and  in  China  and  the  Malay  Archipelago  to  the  PMlippines. 

80876.    Indioofbra  niobbscehs  Eurz. 
"An  annual  legume  with  pink  flowers  and  abundant  seed.    Grows  1  to  4  feet 

hi^.    Herbage  odorous  and  not  eaten  by  cattle.    To  be  tested  as  a  green- 
manure  plant  in  Florida  and  Biloxi,  Miss. ' ' 
ZHibriinition. — On  the  slopee  of  the  Ehasi  Hills  in  India  and  in  the  south- 

weateni  part  of  the  province  ol  Yunnan,  China. 

30677.      iNDiaOFBRA    NIOBBSCSNB   Euiz. 

"A  If^ume  1  to  4  feet  high,  quite  erect.  Annual,  peri^aps  of  value  for  grees- 
manure  crop." 

Ditlributum,— Same  as  the  preceding  number. 
80678.    MooHANiA  UACBOPmrLLA  (Willd.)  Euntze. 

"An  erect,  stout  legume,  3  to  7  feet  high,  quite  leafy  but  with  coarse  stems. 
"Hie  pods  are  produced  in  dense  clusters.    Try  for  forage  and  green  manure." 

i>M(ri&u/wm.— From  the  central  Himalayas  in  northern  India  southweetward 
to  Ceylon,  and  in  Malakka,  southern  China,  and  the  Malay  Archipelago  to  the 
Fhilippinee. 
8087B.    Canavau  TURaiDOM  Graham. 

"A  seashore  species,  climbing  the  trees  to  a  height  of  20  feet.    Not  eaten  by 
the  natives.    It  is  closely  related  to  Canavali  obliuifoKiini  (C.  Kneoto). 
242 
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30868  to  30880— Continued. 

30880.    Sesban  cannabinuh  (Ratz.)  Poir. 
"An  annual  legume  3  to  9  feet  hig^.    Much  like  Stsban  Tnaeroctrpa." 
IHtlrHmtion. — In  ttie  Tropics  of  the  Eastern  Hemisphere  from  India  to  the 
Philippines. 

30881.    Tbifouuh  pbatense  L.  Bed  clover. 

Ftom  England.    Presented  hy  Prof.  H.  T.  GQbbow,  Dominion  Botanist,  Central 
Experimental  Farm,  Department  of  Agriculture,  Ottawa,  Canada.    Received 
Uay  13,  I9I1. 
"Leigiton't  InberiUd  PermoMnt  red  clover.    Leighton  claims  that  by  careful  cul- 
tivation he  has  originated  a  practically  permanent  red  clover."    ((?flum(i.) 

30884  and  30886. 

From  La  Paz,  Bolivia.    Presented  by  Ui.  Madden  gummerH,  Chargg  d' Affaires 
ad  Interim,  at  the  request  of  Hon.  Horace  G.  Enowlea,  American  Minister. 
Received  May  12, 1911. 
Seeds  of  the  following: 

30884.    CnsuLLua  viTi.aABia  Schrad.  Watttnoelon. 

30886..  Crcuvia  kelo  (L.)  All.  Koakmalon. 

30886.    CiTBtJS  DECUMANA  (L.)  MuiT.  Pomelo. 

From  Yachow,  China.    Presented  by  Dr.  Edgar  T.  Shields.    Received  February 
23, 1911.    Numbered  May  15,  1911. 
"Very  sweet  variety."    (Sbiddi.) 
Seed. 
30887  to  30889.    Ntcotiana  spp.  Tobacco. 

From  Honduras.    Presented  by  Dr.  R.  Frit^artner,  T^^cigalpa,  Honduraa. 
Rec^ved  May  12, 1911. 
Seeds  of  the  following: 

30887.    From  Piliguin,  4,000  feet  altitude. 
30868.    From  Son^;naro,  4,000  feet  altitude. 
30889.    From  Aurora,  5,000  feet  altitude. 
30890  and  30891. 

From  Diarbekr,  Turkey.    Presented  by  Mr.  W.  W.  Mastenion,  American  consul, 
Kharput,  Turkey.    Received  May  12, 1911.  ^ 

Seeds  of  the  following: 

30880.  CrrsDU.ns  vvloaris  Schrad.  Watermelon. 
"Large  variety." 

30881.  CncuHTS  mblo  L.  Huakmelon. 
"Large  variety." 

30892.    SoBBUs  TOBtnNALis  (L.)  Crantz. 

From  sontfao^  Russia.    Presented  by  Mr.  l^eo.  Kryshtofovich,  Russian  Govern- 
ment Agricultural  Commissioner,  St.  Louis,  Mo.    Received  May  13,  1911. 
"This  is  a  large-sized  tree,  the  most  drought  resistant  of  the  pear  family,  in  my 
opinion.    Its  native  habitat  is  about  latitude  47°  N.,  and  longitude  37°  B.    It  is 
30224°— Bui.  242—12 4 
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almost  extinct.    Should  be  tried  as  a  stock  for  cultivated  varietiea  o(  pean  in  dry 
localitiee."    {Kq/Mhto/ovidi.) 
Dirirtbution.— ^Throughout  northern  and  central  Europe  eastward  to  the  Caucasus 

30893  to  30886.     Solanum  spp. 

From  Jamaica.    Freeoited  by  lir.  William  Harris,  director.  Public  Gardens. 
Received  May  12, 1911. 
Seeds  of  Ihe  folloiriDg: 

80893.  SouMm  luiacoauif  L. 

80894.  SoD-ANUM  8BAP0BTHUKUH  Andrews. 
80896.    SoiAKUM  TORTUH  Swartz. 

30896  to  30906. 

From  Sukhum-Eale,  Russia.    PreeeDt«d  by  Mr.  R.  B.  Harcowitz,  director, 
Jardiu  Botanique.    Received  May  15, 1911. 
Seeds  of  the  following: 

30806.    PiNue  FiNBA  L.  Stone  pin*. 

Diitribulion. — Throughout  the  HediterraueaD  region  of  SQuthem  Europe, 
western  Asia,  and  northern  Africa. 
See  No.  3270  for  description. 

30897.  CuTBBSBue  rcNEBue  Endl.  Pttneral  gjipi'sw. 
See  No.  23024  for  previous  introduction. 

30898.  CuPBBSSue  SBKPKBvisENe  bobizontaus  (Hill.)  Qont.      Cypreaa. 

30899.  Laubocbkabdb  ovnciNAus  Roem.  ChenrlaareL 
See  Noe.  27360  and  276S4  for  previous  introductions. 

3OBO0.    Sfabtbum  lUNCBinr  L.  Bpaniali  broom. 

See  No.  27461  (or  previous  introduction. 
30901.    (Undetermined.) 

80903.    Pabbitloba  cabrttlbaL.  Paaalon  fruit. 

DittribtUion.—ln  the  provinces  of  Hinas  OerMS  and  Rio  Grande  do  Sul  in 
southern  Brazil,  and  in  Uruguay. 
S0003.    Pabbiplora  acbsitolia  Hort.  Paadon  fruit. 

See  No.  11124  for  previous  intioduction. 
80604.  CoRNtJS  AUSTRALI8  C.  A.  Meyer. 
S080B.    Ctclahbn  ibeeiccu  Steven. 

Dittribulion. — The  Trans-Caucaeian  region  of  southeastern  Russia  and  in 
north  western  Persia. 
30906.    DioBPTROB  LtnriB  L. 
30807.     RuBus  MACBABi  A.  Gray.  Akala  'berry. 

From  Hawaii.    Presented  by  Dr.  E.  V.  Wilcox,  Hawaii  Agricultural  Experiment 
Station,  Honolulu.    Received  April  17,  IBll. 
"Hie  fruit  attains  a  diameter  of  nearly  3  inches,  is  dark  red,  very  Juicy,  and 
although  eli^tly  bitter,  quite  pleasant  to  the  taste."     (HHUbnmd.) 
"Would  likely  improve  under  cultivation."     {MwlUr.) 
Diltribution. — On  the  slopes  of  the  volcanoes  in  the  Hawaiian  Islands. 
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S0808.       SONCHUS    ABBOBEUS    (BrOU93.)    DC. 

Prom  Cinary  Islands.    Presented  by  Dr.  George  V.  Peres,  Puerto  Orotava, 
Teneriffe.    Received  May  19,  IBll. 
"Seed  o[  a  me,  herbaceous  plant,  which,  like  mbet  of  the  Canary  plants,  ought  to 
do  well,  I  diould  say,  in  the  climate  of  aouthem  California,  which  is  very  much  like 
ouia.    Thisisa  very  striking  plant  and  grows  over  e  feet  hi£^."    (Pern.) 

S0W9  and  30910. 

FVomMoecow,  Russia,    Purchased  from  Immer  d  Sons.    Received  Hay  13, 1911. 
Seeds  of  the  following: 

80000.    Heuantbos  anhdds  L.  Sunflower. 

80910.    Tbifolidm  pkatense  L.  Bed  clover. 

80911.     CoLocASiA  ep.  Taro. 

Frota  Cuba.    Presented  by  Hr.  Robt.  M.  Grey,  director.  Harvard  Botanic  Sta- 
tion, Belmonte,  Cienfuegoe,  Cuba.    Received  Hay  15, 1911. 
"Commonly  cultivated  here  for  culinary  purposes."    (Qrey.) 
"The  tubers  are  slightly  acrid;  the  flesh  cooks  white  or  yellowish  white,  but  it  is 
rather  moist  and  of  poor  flavor."    (R.  A.  Youtig.) 

30013  and  30913. 

Ftvm  Porto  Rico.    Presented  by  Dr.  John  Gifford,  Cocoanut  Grove,  Fla,    Re- 

ceivedattheSubtropicalPlantIntroductionGarden,Uiami,FIa.,  Mays,  1911. 
8091S.    Uaqnolia  bplbndemb  Urban.  "Laorelaabino." 

"A  first-class  timber  tree,  50  to  100  feet  in  hei^t  Olive  heartwood,  chang- 
ing after  exposure  to  brownish.  Fine  grained  and  aromatic.  White,  sweet' 
scented  flowers,  2  to  3}  inches  in  diameter.  Leaves  with  silvery  pubescence 
undemeeth,  although  not  always  pubescent. 

"Hext  to  OBixbo  (SideroxyUm  Tn/uttehodendron  Jacq.),  this  is  probably  the  most 
valuable  timber  tree  on  the  rceerve.  Used  wherever  it  is  not  too  scarce  and 
expensive  for  construction  work  in  llie  form  of  beams  and  boards.  Valuable 
for  cabinet  work.  Still  found  in  patches  in  the  more  inacceesible  parts  of  the 
reserve.  Flowers,  leaves,  and  fragrance  similar  to  Magtiolia  glauea  of  the 
southern  United  States.  With  its  Ughlxnlored  trunk,  silvery  foliage,  and 
fragrant,  showy  flowers  this  tree  is  worthy  of  cultivation  for  ornamental  pur- 
poses. It  is  probably  called  'laurel' because  ita  leaves  are  used  as  a  condiment, 
as  is  the  famous  laurel  (£aurujt  notrilU  L.)  of  southern  Europe,  and  'sabino' 
because  of  the  cedaiy  aroma  of  its  wood,"  [Gifford,  J.  C.  The  LvquUUt  Foral 
BetenK,  Porlo  Rico.  Bulletin  54,  Bureau  of  Foratry,  U.  S.  Department  of  Agri- 
eulturt,  tSOS,  p.  36.) 

Flanls. 
S0&13.    Thebpbbu  oBANDmoRA  DC.  (?)  "H»^a." 

"Rare  in  the  Luquillo  region.  A  thick-folit^ed,  very  beautiful  ornamental 
shade  tree  with  large,  pendant,  reddish  floweiB.  Yields  a  Grst-claas,  Gne,  hard, 
olive-brown  timber.  Its  height  varies  from  30  to  60  fe«t,"  (Oifford,  J.  C. 
The  LwpaUo  Fore^  Reterve,  Potto  Rico.  BvXUlin  S4,  Bureau  o/Forettry,  U.  S. 
Dept.  of  Agriailttirt,  p.  $6.) 

Cuttings. 
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30914  to  30930.    Cbbatokia  siuqua  L.  Carob. 

From  Valeocia,  Spain.    Received  thiou^  Hr.  Robert  Frazer,  jr.,  Amwican 
consul.  May  10,  IBU. 
Cuttings  of  the  following,  quoted  not«e  by  Hr.  Fnzer: 

80914.  Malalafera.  "Thia  is  the  variety  now  moeC  extensively  cultivated 
in  this  region  and  is  very  generally  used  in  grafting  nunery  eeedlinga  and  in 
fwming  new  plantations.  The  tree  is  of  medium  size,  with  smooth  and 
straight  branchee,  the  ramifications  of  which  are  thrown  out  almost  at  right 
angles.  The  leaves  are  comparatively  large  and  of  a  very  dark-green  color, 
and  the  fruit,  of  a  deep  chestnut  shade  bordering  on  black,  is  la^e  and  wide 
and  attains  8  iochee  in  length,  but  although  of  excellent  appearance,  is  not 
considered  as  good  as  the  red  varieties,  being  lighter  in  weight  and  poaaeodng 
lees  pulp.  The  crop  of  this  variety,  however,  is  the  most  constant  and  abun- 
dant of  all  carobe  known  to  Valencia  agriculturists." 

S091B.  Catudai  "This  is  the  most  appreciated  of  all  carobs  raised  in  this 
district.  The  tree  attains  gigantic  proportions,  with  knotty,  t^Htuous,  and 
abundant  branches  and  dense  foliage,  the  leaves  being  of  equal  size,  the 
smalleT  predominating.  The  fruit  is  long,  wide,  and  thick,  of  a  reddish 
chestnut  color  with  yellowish  tints  on  both  sides  and  abundant  white  pulp 
which  renders  it  appetizing  for  farm  cattle.  The  great  drawback  of  this 
variety  is  uncertainty  of  crop,  which  frequently  fails  altogether  or  yields  an 
insignificant  harvest." 

30Q16.  Red-flowered  male.  "This  is  a  much  smaller  and  more  delicate  tree 
than  the  yellow  fiowered,  very  susceptible  to  cold,  but  produces  a  great  show 
of  floweiB,  which,  however,  frequently  fall  prematurely  before  fecundation 
is  possible." 

80917.  Yellow-flowered  male.  "This  ie  a  vigorous  tree  of  rapid  growth 
which  when  ingrafted  upon  a  female  tree  requires  frequent  pruning  to  prevent 
its  dominating  and  overpow^ng  the  female  branches." 

80918.  Eoyaveru.  "  This  is  a  large  tree  with  gnarled  branches,  of  very  img- 
ular  formation  and  mostly  growing  at  acute  angles;  leaves  light  green,  abun- 
dant and  small.  The  fruit  is  light  red  in  color,  of  medium  size,  4  to  6  inches  long, 
and  produced  all  over  the  tree,  trunk  and  branchee,  without  clustering, 
seldom  more  than  two  or  three  pods  being  found  united,  and  the  pulp  is  white 
and  sweet.  This  tree  is  a  steady,  constant,  and  abundant  crop  producer  and 
is  for  this  reason  preferred  by  farmers  to  the  other  red  variety  (No.  30915), 
althot^h  the  fruit  is  not  quite  so  fine." 

S0819.  "The  hermaphrodite  carob  with  bisexual  flowers  is  something  similar 
in  appearance  to  the  Matala/eni,  but  its  branches  are  longer,  straighter,  and 
smoother,  and  the  smaller  ramifications  form  acute  angles  with  the  parent 
branches  instead  of  the  right  angles  that  chaiacterize  the  Malalafera.  The 
fruit,  of  a  lightrred  color,  is  long  and  wide,  growing  in  large  clusters,  but  is 
of  very  inferior  quality,  being  woody,  fibrous,  and  tough  and  adheres  so  firmly 
to  the  trees  that  it  can  only  be  removed  by  blows  with  poles  or  cutting  instru- 
ments carried  by  han'esterB.  The  advantages  of  this  tree  are  that  it  does 
not  require  grafting  to  fecundate  ila  flowers  and  that  its  abundant  fruit  can 
not  be  swept  off  by  high  w^ds  before  maturity,  as  so  frequently  happens 
to  other  varieties.  The  fruit,  however,  is  so  rou^  and  unpalatable  that 
hcHMs  and  mules  accustomed  to  other  carobs  reject  the  hermaphrodites 
altogeUter  and  refuse  to  eat  them.  For  this  reason  they  are  usually  exported 
to  Great  Britain,  France,  and  Italy,  and  are  generally  steeped  in  sea  water 
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before  or  during  the  voyage,  a  procen  which,  by  partly  decomposing  the 
woody  fiber  of  the  pods  and  iraparting  a  salt  flavor,  is  eaid  to  render  them 
more  palatable  and  digestible." 

30920.  Tbe  name  of  tiiia  variety  was  indistinct  on  the  label,  but  is  appar- 
ently Roya  uwB. 

30021  to  30956. 

From  Chinese  Turkestan.    Received  through  Mr.  Frank  N.  Meyer,  agricultural 
explorer,  May  II,  IBll. 
Cuttings  of  the  following: 

SOOSl.    PoFULus  FRTTIN08A  Schrenk.  Beaert  poplar. 

From  near  Kara  Kulja,  Chinese  Turkestan.  "(No.  932,  February  14, 1911.) 
A  speciee  of  desert  poplar,  called  Thai  Tograk,  occurring  in  big  groves  in  sandy 
and  alkali  deecrta  mostly  intennixed  with  Pojniliu  eaphratiai,  to  which  it 
beats  great  resemblance  in  general  habits.  The  loav^  are  nearly  always 
kidney  shaped,  although  round-oblong  onee  are  often  Been,  The  young  twigs 
and  leaves,  however,  are  always  tomentose.  The  wood  is  used  in  the  same 
way  as  that  of  P.  eufAratiea,  except  that  as  this  species  in  geneial  does  not 
grow  ao  large  one  can  not  manufacture  troughs  or  barrels  from  it;  it  is  said, 
however,  that  this  wood  is  harder  and  more  lasting.  This  poplar  will  be  able 
toatond  more  intense  heat  and  drought,  but  slightlyleascold  thanP.tupfo'oJtoi. 
{Meyer.) 
30033.    PoPTTLUB  BALAAMiFBnA  uuBiFOLiA  (Ledeb.)  Weam.  Poplar. 

From  Yengi-Molah,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  7,S50 
feet.  "(No.  933.  March  5.  1911.)  A  species  of  wild  poplar,  called  Tagh  lerek, 
growii^  into  a  small  or  medium-sized  tree.  Occuis  on  stony,  sterile,  and 
desolate  places,  mostly  in  the  vicinity  of  mountain  streams.  leaves  some- 
irtiat  leathery  and  varying  considerably  on  different  specimens.  Bark  glossy, 
grayish  white,  making  a  grove  of  these  trees  a  very  cheerful  object  in  on  other- 
wise dull  winter  landscape.  Recommended  as  an  omament&l  park  tree,  also 
OS  a  fuel  supplier  in  cold  and  bleak  regions.  Suited  especially  to  cool  moun- 
tain climates."  {Ueyrr.) 
30823.    Saux  sp.  Willow. 

From  Yengi-MahA,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  7,950 
feet.  "(No.  934,  March  5, 1911.)  A  willow  called  rAa/;  occurs  along  mountain 
streams  in  stony  and  rocky  situations.  Mostly  seen  as  a  tall  shrub,  but  also 
grows  into  a  sniall  tice.  Bark  of  young  twigs  yellow  in  color.  The  branches 
have  a  slight  drooping  habit.  Apparently  very  resistant  to  cold,  drought,  and 
adverse  conditions.  Of  value  as  a  small  garden  and  park  tree  in  the  cooler 
sections  of  the  United  States."  {Meyer.) 
30924.    Saliz  sp.  ■  Willow. 

From  Kailik,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  8,400  feet. 
"(No.  S35,  March  6,  1911.)    A  willow  occurring  on  sandy  and  stony  places. 
QiowB  into  a  tall  shrub  or  small  tree.    Bark  o{  old  branches  white,  of  young 
twigs  red  or  yellowish  red.    Of  value  like  the  preceding  number."    (Meyer.) 
30836.    Saux  sp.  WiUow. 

Prom  near  Kailik,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  S,20O 
feet.  "(No.  937,  March  6,  1911.)  A  small,  shrubby  willow,  found  on  andy 
flats.    This  willow  has  very  long  slender  branches,  which  are  remarkably 
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pliable  Bmd  fumiah  an  excellent  tying  material.    To  be  experio>ented  witb  as 
a  BouRe  oi  supply  of  garden-tying  material  and  as  a  possible  basketry  willow 
in  the  cooler  regions  of  the  United  States."     (Jftyer.) 
30826.    Saijx  sp.  imiow. 

From  near  Kayirlik,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  over 
lOJOOOfeet.  "(No.  938,  March  9, 1911.)  A  willow  occurring  on  dry  and  stony 
places,  grows  into  a  good-dzed,  spreading  buah  of  well-rounded  shape.  Suit- 
able for  use  as  a  lining  shrub  along  winding  roads  and  also  on  flat  expanacfl 
along  watercouises.  Will  do  especially  well  in  cool  mountain  regions." 
(Meyer.) 
80927.    Saliz  ap.  Willow. 

From  the  valley  of  the  Chong  Djighilan,  Tien  Shan  Range,  Chinese  Tur- 
kestan. Altitude  3,700  feet.  "(No.  939,  March  18, 1911.)  This  willow  grows 
into  a  small-sized  tree  with  a  broad,  round  head,  and  looks  as  if  it  had  been 
trimmed.  The  branches  are  of  a  pale  greenish  yellow  color.  Quite  orna- 
mental. Found  on  moist,  peaty  soil.  Of  value  as  a  small  park  and  garden 
tree  in  the  northern  sections  of  the  United  States."  (.Ua/er.) 
80828.    Salix  sp.  Willow. 

From  near  Kayirlik,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  over 
10,000  feet.  "(No.  941,  March  9,  1911.)  A  willow  occurring  in  stony  debris 
at  high  altitudes.  On  exposed  cold  places  it  reaches  only  the  size  of  a  shrub, 
but  on  fheltered  localities  it  grows  into  a  small  tree.  Bark  of  young  blanches 
yellow  in  color.  Of  value  like  the  preceding  number."  (Meyer.) 
80929.    Sauz  sp.  inUow. 

From  near  Kayirlik,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  over 
10,000  feet.    "(No.  942,  March  9,  1911.)    Small  bushy  willow,  with  silvery, 
tomentose  leaves,  found  in  rocky  situations.    Ot  value  (or  rockery  work  and  aa 
a  border  shrub  in  cold,  bleak  regions."    (Meyer.) 
80080.    Tamabix  sp.  Tanutxlik. 

Prom  near  Lango,  Chinese  Turkeotan.  "(No.  M3,  February  13,  1911.)  A 
tamarisk  found  in  immense  quantities  on  sandy  and  alkaline  places  in  the 
desert,  it  is  called  Kara  yufrun,  and  is  mostly  seen  as  a  shrub  4  to  6  feet  tall,  but 
in  favorable  situations  grows  into  a  small  tree  10  to  15  feet  high.  The  fallen 
leaves  and  twigs  intermix  witb  the  moving  sand  and  dust,  enabling  this  plant 
to  build  mounds  often  of  considerable  height.  The  old  trunks  in  this  way  are 
buried,  but  new  branches  shoot  up  all  the  time  and  increase  the  area  occupied 
by  such  Qiounds.  The  wood  is  an  excellent  fuel  of  great  heating  qualities  and 
is  extensively  used.  Reckless  cutting  and  the  grubbing  out  of  t^ts  have 
denuded  la^e  areas  of  desert  lands,  which  formerly  were  covered  with  these 
tamarisk  bushee  and  which  often  become  moving  wastes  again.  This  tamarisk 
will  probably  be  found  of  great  value  in  the  alkaline  and  desert  regions  of  the 
United  Statee  as  a  cover  plant  of  waste  areas,  as  a  sand  binder,  and  as  a  fuel  sup- 
plier. If  pomible,  the  ground  wat«r  should  not  be  too  far  from  the  surfece, 
otherwise  the  plants  will  make  very  little  growth."  (JUi^^.) 
80931.    TAMARizsp.  Tamatlck. 

From  near  Tumchuk,  Chinese  Turkestan,  "(No.  944,  February  18,  1911.) 
A  tamarisk  of  very  spreading  growth,  making  long,  slender  branches  of  rose-red 
color.  Of  value  like  the  preceding  number,  also  as  an  Mnaraental  shrub  in 
desert  regions."  (Meyer.) 
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30933.    Tahakiz  sp.  TamsrUk. 

Vtool  near  Schul-Kuduk,  Chineee  TurkesUn.  "(No.  MS,  February  22, 
1911.)  A  Bmall-growjng  tamvisk,  found  in  a  sandy,  alkali  desert,  finnchee 
slender  and  of  a  pale-red  color,  growing  3  to  5  feet  in  length;  these  twigs  are  used 
by  the  native  population  for  malting  Btrong  brooms  and  basketjj.  The  plants 
atand  yearly  cutting  ofE  to  the  ground.  Of  valoe  as  a  broom  and  basketry  mate- 
rial in  the  arid  and  aemiarid  regions  of  the  United  States."  (Jieyer.) 
80038.    Taiubiz  ep.  Tamarisk. 

From  near  Yamatu,  Tien  Shan  Range,  Chinese  Turkestan.  "(No.  e4G, 
llaich  21,  1911.)  A  tamarisk  found  on  dry  alkaline  places  at  an  altitude  ot 
2,400  feet,  growing  into  a  shrub  4  t«  6  feet  high.  Twigs  of  an  attractive  orange- 
brown  color.  Of  value  as  an  ornamental  shrub  in  cold  and  dry  r^ons." 
iMeger.) 
80084.    Spiraea  sp. 

Fiaa  Eara-Tugai,  Tekes  Valley,  Tien  Shan  Range,  Chinese  Turkeetan. 
Altitude,  3,900  feet.  "(No.  947,  March  16,  1911.)  A  shrubby  spitea,  occur- 
ring on  dry  plains  in  rather  heavy  soils.  Grows  fnun  3  to  &  feet  tall,  and  bears 
apparently  white  flowers.  Of  value  paeaibly  as  a  garden  and  park  ahrub  in  the 
northern  eecticais  of  the  United  Statee."    (Mq/er.) 

30985.  Spiraxa  sp. 

From  near  Schutte,  Tien  Shan  Range,  Chinese  Turkeetan.  Altitude  over 
7,000  feet.  "(No.  948,  March  10,  1911.)  A  spu«a  found  on  rocky  mountain 
sides.  Has  tomentose  branches,  and  grows  from  3  to  6  feet  in  height.  Poesibly 
vt  value  like  the  preceding  number."    (Meyer.) 

30986.  LcNiGERA  sp.  Honeyaaekde. 
From  the  valley  of  the  Chong  Djighilan,  Tien  Shan  Range,  Chinese  Turke- 
etan. Altitude  of  3,700  feet.  "(No.  962,  March  18,  1911.)  A  shrubby  honey- 
suckle, found  in  copees  on  peaty  and  on  rocky  soil.  Grows  4  to  6  feet  in  height. 
The  young  branches  are  of  a  pale-yellow  or  white  color  and  are  attractive  look- 
ing in  winter.    Of  value  like  the  preceding  numbers."    (Meyer.) 

80937.    LoHiGKRA  sp.  Hoaeyeuckle. 

From  near  Yengi-Ualah,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude 
of  8,000  feet.  "(No.  953,  March  5,  1911.)  A  shrubby  boneyauckle,  of  tall, 
fastigiate  growth.  A  mutation,  the  only  one  seen  among  thousands  of  normally 
growing  bushes.  Of  value  as  a  shrub  of  rigid  ouUinee  along  pathways,  also  as  a 
background  for  flowerii^;  plants  in  centeteriee  and  formal  gardens.  To  be 
tested  with  special  care."  ( Jf^er.) 
30938,    Caraoana  sp. 

From  Euigan,  Tien  Shan  Range,  Chinese  Turkeetan.  Altitude  of  7,700  feet. 
"(No.  955,  March  5,  I91I.)  A  small,  epiny  Caiagaoa,  found  on  dry,  stony,  and 
sterile  placee.  Grows  from  3  to  6  feet  in  height,  and  has  peculiar  small  ad  pressed 
side  branches.  A  botanical  curiosity.  Ot  use  ae  a  small  ornamental  ahrub  in 
very  dry  placee."  (Meger.) 
S09S0.    Rbauhubu  sp. 

From  near  Kailik,  Tien  Shan  Range,  Chinese  Turkeetan.  Altitude  of  8,200 
feet.  "(No.  958,  March  6, 1911.)  A  tall^tro wing  shrub,  adapted  to  sandy  and 
rocky  situations.  Of  slight  sand-binding  qualities  and  for  this  reason  possibly 
of  value  for  the  purpose  of  fixing  moving  sandy  wastes  in  the  northern  sections 
of  the  United  States  and  as  an  ornamental  dmib  for  sterile  eituatiiHie."    (M^er.) 
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30821  to  3085S— Continued. 

30B40.    Elabaonus  AKatjertroiu  L.  01«Bat«r. 

From  Dear  Yamatu,  Tiea  Shtn  Range,  Ghineee  Turkestan.  Altitude  of  2,600 
feet.  "(No.  958,  March  21, 1911.)  A  variety  ot  wild  olearter  having  a  beautiful 
Bhiaing,  chocolate-browo  bark.  Found  on  a  sandy  waste  along  the  Tekcfl 
River.  Grows  into  a  tall  shrub  or  a  small  tree.  Of  decided  ornamental  value 
for  parks  and  gardens  in  the  cooler  sections  of  the  United  Statee."  (Mey^.) 
30&41.    ULMtrs  sp.  Blm. 

From  Aksu,  Cbineae  Tuiieetas.  "(No.  962,  February  25, 1911.)  A  culti- 
vated variety  of  elm  called  Seda,  forming  a  very  dense,  well-rounded  head. 
Grows  to  great  age  and  becomes  throu^  its  dense  black  mass  of  branches  a 
feature  of  the  landscape  in  Turkestan.  Recommended  as  a  peculiar  formal 
shade  tree  for  cemeteries,  also  u  an  ornamental  tree  of  stiff  outlines  in  front  of 
buildings  of  claedcal  designs.  A  variety  sent  under  No.  30364,  which  may 
prove  to  be  the  same  as  this."     {Meyer.) 

80943.  FoAziNUS  sp.  Aah. 
From  near  Yamatu,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  of 

2,600  feet.  "(No.  963,  March  21,  1911.)  An  ash  growing  into  a  tall  shrub  or  a 
medium-eiEed  tree;  occurs  on  aaline,  moist  placea.  Of  value  possibly  as 
an  ornamental  tree  in  the  alkaline  northern  sections  of  the  United  States." 
(Meyer.) 

S0943.    RiBBs  sp.  Ouzrant. 

From  near  Idin-Eul,  Tien  Shan  Range,  Chinese  Turiceetan.  Altitude  of 
8,200  feet.  "(No.  964,  March  10, 1911.)  A  wild  cumnt,  found  on  rocky  moun- 
tain slopes  in  the  shade  of  spruce  trees.  Of  value  poaaibly  for  hybridization 
work."    {Meyer.) 

80944.  RiBBs  sp.  Currant. 
From  near  Idin-Kul,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  of 

8,200  feet.    "(No.  966,  March  10, 1911.)    A  wild  currant,  found  on  rocky  moun- 
tain slopes  in  the  shade  of  spruce  trees.    Of  very  tall  growth,  6  to  10  feet.    Young 
shoots  covered  with  prickles.    Possibly  of  value  like  the  preceding  number; 
also  aaahardyomament&l  park  shrub."    (Meyer.) 
8094B.    RiBEa  ep.  OotMebftrry. 

From  the  valley  of  the  Chot^  Djighilan,  Tien  Shan  Range,  Chinese  Turke- 
stan.   Altitude  of  3,700  feet.    "(No.  966,  March  19,  1911.)    A  rare  species  of 
wild  gooeeberry,  found  on  shady  places  amidst  various  scrub.    Young  blanches 
rather  spiny.    Of  value  poadbly  like  preceding  number."    (Meyv.) 
80846.    Malus  sp.  AppI*. 

From  Kurgan,  Tien  Shan  Ran^,  Chinese  Turkestan.  Altitude  of  7,700  feet. 
"(No.  968,  March  5, 1911.)  A  wild  apple,  which  grows  into  a  small-sized  tree. 
Young  branches  very  dark  red  in  color.  This  form  apparently  stands  great 
dniu^t  and  severe  cold  and  may  be  of  value  in  hybridization  work  to  create 
hardier  strains  of  apples  suitable  for  the  coldest  sections  of  the  United  States. 
May  also  be  tried  as  a  dwarfing  stock  in  cold  sectiona."  (Meyer.) 
80947.    Malds  sp.  Apple. 

From  near  Eitchik  Dji^iilan,  Tien  Shan  Range,  Chinese  Turkestan.  Alti- 
tude of  4,100  feet.  "(No.  969,  March  17,  1911.)  A  wild  apple  of  somewhat 
budiy  growth,  found  on  the  northern  slopes  of  otherwise  barren  mountuns. 
Bears  small  roimd  fruits  of  red  color  and  subacid  taste,  having  long  peduncles. 
Calyx  persistent.  Leaves  somewhat  tAmentoee  and  smaller  than  those  of 
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30821  to  30955— Continued. 
30947— Continued. 

cultivated  varieties.  Twigs  long  and  strong.  The  baik  of  the  main  tnink  and 
oi  the  older  branches  peels  oS  in  patches  and  gives  the  tree  a  hardy-looking 
appearance.  At  the  time  of  my  visit  (March  17)  the  trees  were  still  standing 
in  2  feet  of  hard-frozen  snow,  and  this  fact,  tt^ther  with  the  decided  semiarid 
character  of  the  locality,  the  short,  hot,  and  dry  siunmers,  and  the  long,  cold 
winters,  should  make  this  species  of  apple  a  valuable  one  as  a  hybridization 
factor  in  the  creation  of  hardier  types  of  apples  adapted  to  the  upper  Miodasippi 
Valley  region  and  the  localities  west  of  it."  (Meyer.) 
30948.    Ualits  sp.  Apple. 

From  near  Eitchik  Dji^ilan,  Tien  Shan  Range,  Chineee  Tutkeetan.  Alti- 
tude of  4,100  feet.  "(No.  970,  March  17, 1911.)  A  variety  of  wUd  apple.  The 
tree  attains  a  height  d  25  feet,  has  slender  branches,  but  a  good-sized  trunk. 
Its  fruits  are  apparently  small.  Seems  to  be  much  hardier  than  our  cultivated 
apples.  Otherwise  the  same  remarks  apply  to  it  as  to  the  preceding."  (  Meyer.) 
80649.    Malos  sp.   .  Apple. 

From  the  valley  ot  the  Chong  Djigihilan,  Tien  Shan  Range,  Chineee  Tur- 
kestan. Altitude  of  3,700  feet.  "(No.  971,  Maich  IS,  1911.)  The  valley  of 
the  Chong  Djighilan  River  and  its  small  tributaries  is  one  vast  wild  apple  and 
a^cot  garden,  and  these  wild  trees  vary  in  all  possible  ways.  The  quality 
and  size  of  the  fruits  of  the  wild  apples  exhibit  great  variations,  ranging  from 
small,  sour,  hard  fruits  up  to  medium-sized  apples  of  a  very  fair  taste.  The 
local  people  collect  the  beet  varieties  in  autumn,  slice  them,  and  keep  them 
dried  fcT  winter  use;  while  bean  and  wild  hogs  come  down  from  the  higher 
mountains  especially  to  enjoy  both  the  apples  Kod  the  apricots  in  late  summer 
and  autumn.  These  wild  apples  are  apparently  much  slower  growers  than 
those  we  have  now  in  cultivation,  but  they  make  up  for  it  in  all-around  hardi- 
new,  and  one  may  expect  to  obtain  from  them  straina  able  to  stand  much 
greater  cold  than  moet  of  the  varieties  that  have  been  developed  from  the 
apples  coming  originally  from  moist  and  mild  western  Europe,"  (Meyer.) 
S09S0.    Malus  BTLVE8TEI8  MiUef.  Apple. 

From  Aksu,  Chinese  Turkestan.  "(No.  973,  February  35,  1911.)  A  variety 
of  cultivated  applecalledfaAoiafma.  Itismid  that  tiie  trees  have  a  drooping, 
spreading  habit  and  bear  abundantly  only  every  other  year,  also  that  the  fruit 
is  of  oblong  shape,  white  color,  and  ripens  in  summer.  Of  possible  value  in 
those  sections  of  the  United  Statee  where  the  summers  are  hot  and  dry,  but 
the  winters  moderat«ly  cold,  and  where  wdinary  apples  do  not  succeed." 
IMeger.) 
80901.    Malcs  STLTB8TBIS  Miller.  Apple. 

From  Akau,  Chinese  Turkestan.  "(No.  974,  February  25,  1911.)  A  variety 
of  cultivated  apple  called  Kitlik  alma.  Said  to  be  a  very  good  winter  apple. 
Shape  obloi^,  of  medium  size,  red  on  one  side  and  greenish  white  on  the  other. 
Ripens  in  November.  Of  good  keeping  qualities  and  a  prolific  bearer.  To  be 
tested  like  the  preceding  number."  (Meyer.) 
80053.    pRONus  ABHBNUCA  L.  Aprloot. 

From  near  Eitchik  Djighilan,  Tien  Shan  Range,  Chinese  Tnriceetan.  Alti- 
tude of  4,100  feet.  "(No.  976,  March  17,  1911.)  A  variety  of  wild  apricot, 
found  between  clumpe  of  wild  apples  on  the  north  side  of  a  barren  mountain, 
the  trees  standing  in  2  feet  of  luwd-frozen  snow  at  the  time  of  my  visit.  Of 
passible  value  in  the  creation  of  a  nee  of  Ute-blooming,  hardy  apricots  tor  th( 
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80068.    Asparagus  ap.  Asponigtu. 

Frtan  Tciu»,  Tekea  Volley,  Ttea  Shan  Range,  Chineee  Turkestan.  Altitude 
of  4,300  feet.  "(No.  978,  March  15,  1911.)  A  wild  aspangus  of  climbing 
habits,  growing  from  8  to  15  foot  in  length.  Found  between  Berberis  bushes. 
The  young  sprouts  are  eaten  as  a  spring  vegetable.  Of  poeaible  v»lue  us  an 
ornamental  plant  in  northern  regions,  and  as  cut  greens  fta'  dec<aative  win^." 
(.Meyer.) 
30054.    Mbdicaoo  sp.  AUaUo. 

Prom  near  Tuwan,  Tien  Shan  Range,  Chineee  Turkestan.  "(No.  979,  March 
14,  1911.)  A  wild  alfalfa  of  erect  growth,  bearing  yellow  flowers  and  ahmt  flat 
pods.  Found  on  clayey  and  peaty  hill  slopes  at  altitudes  between  6,000  and 
7,000  feet.  Stands  great  cold  in  winter  and  diouf^t  in  summer  and  is  eagerly 
eaten  by  horses,  cattle,  and  sheep.  Of  value,  probably,  as  a  forage  plant  in 
sections  of  the  United  Stales  where  the  ordinary  alfalfo  is  winterkilled.  Native 
name   Vaii  beda,  in  Turki,  and  SerlH  beda,  in  Kalmuck."     {Meyer.) 

30065.  Medicaoo  falcata  L. 

From  the  valley  of  the  Chong  Djighilan,  Tien  Shan  Range,  Chinese  TuAe- 
Btan.  Altitude  of  3,700  feet.  "(No.  980,  March  18,  1911.)  A  wild  al&lb  U 
semierect  growth  having  yellow  floweis  and  short,  slightly  curved  pods;  occur- 
ting  on  abandoned  wheat  fields  and  along  the  edge  of  cultivated  lands;  seema 
to  like  lime  in  the  soil.  Is  considered  by  the  local  population  superior  in 
fodder  value  to  the  cultivated  alfalfa.  The  hay  of  Medieago/aleata  tastes  aro- 
matically  sweet,  while  that  of  M.  tativa  has  a  slightly  saline  flavor.  Of  value 
possibly  as  a  fodder  plant  in  elevated  r^ions.  Native  names  Ta^  beda,  in 
Turki,  and  San  Mutu,  in  Deungan,  both  meaning  wild  or  mountain  lucem." 
IMeyer.) 

30966  to  30962. 

From  Port  Louis,  Mauritius.    Presented  by  Mr.  Qabriel  Regnard.    Received 
May  12  and  15, 1911. 
Seeds  of  the  following: 

30066.  CoMBRKTuif  cocciHKuif  (Souierat)  lam. 

Diatribvtion.—A  climbing  shrub,  found  in  Madagascar  and  the  island  of 
Mauritius. 

30057.  MmcBOPS  slknot  L. 

Dutr&niiion. — A  tree  attaining  a  height  of  50  feet,  common  in  the  Dekkan, 
India,  and  the  Malay  Peninsula;  generally  cultivated  in  the  Tropics. 

30058.  PrrHBcoLOBittu  sakan  (Jacq.)  Bentfa.  Bfttnan. 
See  No.  2T24  for  description. 

Diitr^vtitm. — Nicaragua  and  the  northern  part  of  South  America. 
30050.    Ponoam  finnata  (L.)  W.  F.  Wight. 
See  No.  27570  for  previous  introduction. 

30060.  TOLUIPERA  sp. 

30061.  Nauclea  obibktalis  L. 

"A  very  large  tree  from  Australia."    [Regrtard.) 

DittribulUm. — A  tree  found  in  the  Malay  Peninsula  and  eastward  throu^  the 
Malay  Archipelago  and  Polynesia  to  northern  Australia. 
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30962.    Sehbcaxfus  AtrAOABsiuii  L.  f.  •ititi-V4wg  nut. 

DvtrilnUum.—A  modento-flized  decidnoiu  tree  found  growing  in  woods  from 
the  tropical  slopee  at  the  Him&lAyiia  in  Bikkim  thtoughout  the  hotter  p&rta  of 
India  and  extending  throng  the  eiiBtem  islands  of  the  Malay  Archipelago  to 
aiHthem  Australia. 

30963  to  30967. 

From  Lonuio,  Philippine  Islands.    Itoceived  through  Mr.  C.  V.  Piper,  Bureau  of 
Plant  Industry,  May  17,  1911. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Fipw: 

30063.  ViQNA  PIL08A  (Klein)  Baker. 

"A  very  vig(»x>us  annual  (7)  legume  growing  about  as  large  as  the  Lyon  bean, 
but  producing  very  few  pods." 

30064.  Pdbrasia  pkasboloisbs  (Rozb.)  Benth. 

"A  common  vine  in  forest  thickets.  To  be  tried  in  Miniasippi  and  Florida." 
SOMB  tmd  80066.    Sththbkibiia  ciluris  (Retz.)  Schtad. 

"A  common  species  here.  These  two  may  be  identical  and  the  same  as  a 
form  already  in  the  United  Statee.  To  be  tried  at  Biloxi,  Mi«.,  and  Arlington 
Farm,  Va." 

IHalribution. — A  form  of  Si^ntJurisma  tan^inalit  (L.)  Dulac  found  in  the 
Tropics  <rf  the  Eastern  Hemisphere. 
30067.    Canavau  sp. 

"Native.  Ur.  Merrill  considers  it  the  wild  form  of  Canavali  entifonru,  a 
determination  whi^  I  doubt.  Note  the  pubescence  on  the  pods.  Conmion  in 
thickets." 

30968.  Cebatonia  siliqua  L.  Carob. 
From  Algeria.    Presented  by  Dr.  L.  Trabut,  Mustapha  Alger,  Algeria.    Received 

May  18, 1011. 
Hfrmaphrodite.    See  No.  30919  tot  deectiptjon  of  similar  variety. 

30969.  Popm,uB  teemula  L.  Aspen. 
From  St.  Petersbu^,  Russia.    Presented  by  Mr.  W.  W.  Rockhill,  American 

ambaMtdw.    Received  May  19,  1911. 
See  No.  29098  tor  description. 

30970.  Gaboinia  dtjlcis  (Roxb.)  Kurz. 

From  Singapore,  Stnita  Settlements.    Preaented  by  Dr.  H.  N.  Ridley,  director, 
Botanic  Gardens.     Received  May  19,  IBll. 
Introduced  for  testing  as  a  stock  for  the  mangoateen,  which  has  a  notably  poor  root 

I>utribution. — A  medium-sized  tree  found  in  the  islands  of  the  Malay  Archipelago. 
30971  and  30972.     Manoifeba  indica  L.  Mai^o. 

FYom  Sou  Joae,  Costa  Rica.    Presented  by  Mr.  C.  Werckl^,  Museo  Nacloual. 
Received  May  15, 1911. 
Cuttings  of  the  following: 

S0971.    Rota.  30072.    Scarlet. 
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'  SOOTS.    Vms  TiNiPEBA  L.  Qrape. 

From  Tiflls,  Caucaflus,  RuBHta.    Presented  by  Mr.  A.  RoUoff,  Botanic&l  Garden. 
Received  May  19, 1911. 


30874.    LupiNus  sp.  Blue  lupine. 

From  the  eaei»m  slope  of  Chiriqui  Volcano,  Panama,  about  9,970  feet  altitude. 
Collected  by  Mr.  Wm.  R.  Uitxon,  aseistant  curator,  Diviaion  of  Flanle,  Smith- 
sonian Institution.     Received  May  23,  tOll. 
"I  do  not  know  that  this  species  is  of  any  particular  value."    ( jtfazon.) 
30976  to  31083. 

From  St.  Petersbuig,  Russia.    Presented  by  the  director.  Imperial  Botanic  Gar- 
den.   Received  May  20, 1911. 
Seeds  of  the  following: 

30975.  AUYanALOS  bdchabica  Korsh. 

Diitribution. — On  the  slopes  of  the  mountains  in  the  province  of  Bokhara  in 
southern  Turkestan. 

30976.  AspARAOOB  omciHAus  L.  Aspftiagaa. 

30977.  Bbta  fatellabis  Moq. 

Dutributiofi. — A  biennial  plant  growing  in  the  Band  cm  the  shoree  of  the 
Canary  Islands. 

30976.    Beta  voLaAsia  L.  Beet. 

30979.    Bn'DiA  sp.  Birch. 

30960.    CoTONEASTBB  TOHBHTOBA  (Ait.)  Lindl. 

See  No.  28213  for  previous  Introduction. 
80981.    CaATAsaua  crbnclata  Roxb.  Hkwthmi. 

See  No.  2SS45  for  previous  introduction. 
80983.    Photinia  olabba  (Thunb.)  Maxim. 

Ditlribution. — A  shrub  found  in  the  vicinity  of  Yokohama  in  Japan,  and  near 
Ningpo  in  the  province  of  Chekiang,  and  Amoy  in  Fukien,  China. 
30983.    EuoNTUtre  nanus  Bieb. 

A  handsome  shrub  for  rockeries  and  rocky  slopes. 

Dufn&utwm. — Southern  Asia,  extending  from  the  Caucasus  region  eastwBid 
throu^  Tuikeetan  and  Mongolia  to  the  provincee  of  Kansu  and  Sheusi  in 
China. 

30964.    Iris  halofhila  Pallas.  bis. 

30986.    Iris  spdria  notha  (Bieb.)  Baker.  Ii4s. 

IHttrihution. — From  the  Caucasus  r^on  eastward  to  Kadimir  in  India. 
30986.    Enautia  abvenbis  (L.)  Coulter. 

Z>i(Iributv>n  .-'Throughout  Europe,  especially  in  the  northern  and  central 
p«rts,  and  eastward  to  the  Ural  Mountains  in  Siberia. 
80987.    Lallbmantia  iberica  (Bieb.)  Fiscb.  and  Meyer. 

See  No.  2S932  for  previous  introduction. 
80088.    LoNicBRA  CABBULBA  L.  HoneyBucM*. 

jyUtributum. — A  much-branched  shrub  found  in  Europe  and  Asia,  extending 
southward  h>  the  Alps  and  the  Pyrenees,  and  eastward  to  Japan. 
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30675  to  31093— Continued. 

30989.  LoNiCERA  aiapiDA  PaUm.  HoiwTBuekle. 
i>u(ri6u/Mm.— An  erect  shrub  found  in  centiftl  Asia  on  the  elopes  of  the 

Himalayas  and  the  Altai  Mountains  at  an  elovation  of  9,000  to  1&,000  feet. 
80990.    LoNicEu  KORBOWi  A.  Gny.  HoneTsnokle. 

DiitrSmlion, — On  the  slopes  of  the  mountains  in  the  islsmd  of  Hokushu 
(Yeio).  Japan. 

30991.  Mektbnsll  siBtBiCA  (L.)  Don. 

Diitribiition. — Northeastern  Siberia,  extending  from  the  valley  of  the  Lena 
River  eastward  to  Kamchatka. 

30992.  Hedicaoo  bispida  acoleata  Uitian. 
Z>wtnfrulton.— Southern  Fiance  and  Spain,  and  in  northern  Africa. 

S0993.    CiBciNKua  circinatob  mumuularicb  (DC.)  Skeels. 

(Medieago  nvmmuloria  DC,  Catologus  Plantarum  Horti  Botanici  Mtm- 
epeliensis,  1813,  p.  124.) 

This  Egyptian  l^vminous  plant  was  fiiet  given  a  specific  name,  Mtdieago 
nummularia,  by  De  Candolle,  who,  in  deecribing  it,  cited  Gaertner's  figure  of 
MedUago  circtnota  (De  Fructibus  et  Seminibus  Plantarum,  1791,  vol.  2,  p.  348, 
p!,  155)  and  Willdenow's  M.  cirdnata  ff.  (Speciee  Plantarum,  1801,  vol.  3, 
p.  1404.)  Uedicago  cirdnata  L.  has  a  reniform  pod  with  a  dentate  margin.  In 
M.  mmmularia  Willd.,  the  margin  of  the  pod  is  entire.  These  plants  are  gen- 
eially  known  as  Hymenoaarpot  cirdnatut  and  H.  nwranularivt.  The  generic 
name  Hymenocarpos  was  published  by  Savi  in  1798  (Flora  Pisana,  vol.  2,  p. 
205),  with  one  species,  H.  cudnaia,  baaed  on  MeSoago  cirrinote  L.  However, 
in  1787  MedicuB  bad  already  published  the  generic  name  Circinnue  (Vorfe- 
Hungen  der  Kurpfaelzischen  PhyBikalisch-Oekonomischen  Gesellschaft,  vol.  2, 
p.  384),  also  based  on  Mtdieago  dretnata  L.  While  this  book  is  not  obtainable, 
the  publication  is  verified  by  the  Index  Eewensis,  and  Medicus  again  published 
the  name  in  1789  in  Fbiloeophische  Botanik,  vol.  1,  p.  208,  where  he  referred 
to  the  former  publication  and  again  cited  Medicago  eirdnafa  L.  Not  consider- 
ing our  form  to  be  distinct  enough  to  be  given  specific  rank,  it  is  here  placed 
under  drdnnia  drdjiatvs  aa  a  subspeciee. 

Oirrtnnus  drdTiatiu  nummulariui  was  first  found  in  cultivated  fields  in  E^pt 
and  is  also  known  to  grow  in  the  southern  part  of  Persia. 
309&4.    Mbdicaoo  EiotoDLA  (L.)  Desr. 

30990.  MsnicAoo  hispida  coKnNis  (Koch)  Bumat. 

30996.  MsmcAOO  meriDA  reticulata  (Benth.)  Urban. 

DitbUnition. — Southern  Prance,  Spain,  and  Portugal  in  southwestern  Europe, 
and  in  ncithem  Africa. 

30997.  Uedicaqo  scutellata  (L.)  Miller. 

30998.  Medicaoo  hibpida  apiculata  (Willd.)  Urban. 

Diilr^nilion. — The  western  part  of  Europe,  extending  from  the  British 
Isles  southward  through  Fiance  to  Spain  and  Italy,  and  in  northern  Africa. 
S0999.    Mbdicaoo  lacinuta  (L.)  Miller. 

DutribtUion.— The  countries  bordering  on  the  Mediterranean  from  Spain 
and  southern  Fiance  caetward  through  Italy  and  Asia  MinOT  to  Persia,  and  in 
ncoihero  Africa  and  the  Canary  Islands. 

31000.    MxotCAQO  SATivA  L.  AltsUa. 
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30976  to  S1093— Continued. 

31001.    Hbdicaoo  RiomtHA  cikkrascxms  (Jord.)  R.  and  P. 

DUtributum. — The  countries  bcvdering  on  tiie  Meditemuieaii  from  Spain  to 
Syria,  and  in  northem  Africa, 
81002.    Mrdicaoo  bispida  afigitu.ta  (Willd.)  Urbui. 

31003.  Mbdicaoo  hibpida  tbkbbbllitii  (Willd.)  Urban. 

31004.  Mkdicaqo  himiha  (L.)  Gnifb. 

31006.  Medicaqo  falgata  L. 

81006.    MsnicAOO  miKKX  sorkentini  (Tin.)  Urban. 
DittiibtUion. — In  the  island  of  Sicily  and  in  Italy. 

31007.  Mbdicaoo  boleiroui  Duby. 
DiHnbvtum.—ln  Uie  island  of  Omrica  and  in  northem  Africa. 

31008.  Tbioonella  akcuata  Meyer. 

DUtrHnition. — In  dry  places  in  Armenia  and  in  northem  Penda. 
31006.    Mbdicaoo  pbostrata  Jacq. 

Dittributian. — Southern  Europe,  extending  from  Italy  and  Sicily  eastward 
through  the  Balkan  Peninsula  to  the  soulhweetem  part  of  Russia. 
31010.    Mbdicaoo  hisfida  Gaertn. 
81011.    Mbdicaoo  hibpida  beticulata  (Benth.)  Urban. 
81013.    Mbdicaoo  eishda  tbbbbbllum  (Willd.)  Urban. 
31013  and  31014.    Hbdicaqo  lupuuka  L. 
SIOIB.    Mbdicaoo  msptOA  apicolata  (Willd.)  Urban. 
31010.    Mbdicaoo  obsccba  heux  (Willd.)  Urban. 

DutHb^lion. — The  countries  at  the  western  end  of  the  Meditenanean,  extend- 
ing from  Spain  and  Italy  through  the  islands  and  nwthem  Africa. 
31017.    Mbdicaoo  hibe^da  Gaertn. 
81018.    Mbdicaoo  hispida  acdlbata  Urban. 
31019.    Mbdicaoo  chjaris  (L.)  Ail. 
31030.    TeiooNELi.A  ovaub  Boise. 
31021.    Mbdicaoo  bchinitb  DC. 

DittT^mtum. —In  fields  uid  cultivated  places  in  die  iffcrrinces  of  France 
bordering  on  the  Meditenanean. 
81092.    Mbdicaoo  hibpida  cohfinis  (Koch.)  Bumat. 

31093.  Mbdicaoo  hispeda  tbbbbellum  (Willd.)  Urban. 

31094.  Mbdicaoo  hibpida  aculeata  Urban. 

31030.    Mbcohopsib  smpuciPOUA  (Don)  Hook.  f.  and  Thomson. 

Introduced  with  others  of  the  genus  for  trial  in  the  hope  of  finding  a  thor- 
oughly  hardy  blue  poppy  and  also  for  possible  use  in  breeding  work  with  the 
hardier  poppies  already  in  cultivation. 

Dittribution. — A  perennial  herb  with  large  blue-purple  flowers,  found  on  the 
Bubalpine  slopee  of  the  Himalayas  at  an  elevation  of  12,000  to  14,000  feet,  in 
Nepal  and  Sikkim  in  northem  India. 
31026.    pRiMiJLA  DENTicuLATA  Smith.  FTiiiirose. 

A  hardy  plant  usually  treated  as  a  nxkwork  subject.  Blooms  in  earliest 
spring. 
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80876  to  81095— Continued. 
3 10S6— Continued. 

Dittributitm. — In  damp  placea  oi 
7,000  to  13,000  feet,  from  Bhutan  tc 
the  £hui  Hilla,  India;  also  in  Afghanistan. 
31027.    Httekicux  PATin,Dic  Thuob. 
See  No.  1710  for  previous  introduction. 

IHttribiition. — Southeastam  Asia,  extending  from  the  Himalayan  T^on  of 
Dortbem  India  eastward  tlirough  China  to  central  and  southern  Japan. 
81028  to  31032.    Ualds  baccata  (L.)  Moench. 

31028.    Variety  muroeorpa.  31031.    Variety  auronluKS. 

31028.    Variety  eotlata.  81032. 

31030.    Variety  edtdu. 
31033.    SoRBDS  ABU.  (L.)  Grants. 

Variety  latifolia. 
31084.    BoBA  rsKKUoiHEA  Villars.  Bo«e. 

See  No.  30263  for  previous  introduction. 
3103B.    Rhkch  palmatdh  tanouticuh  Maxim.  Rhubarb. 

See  No.  21761  fix'  previous  introduction. 

31036.  Rhboh  anciroRMB  Royle.  Bbubacb. 
Dittribulum. — On  the  dry  slopes  of  the  Eimalaysa,  at  an  altitude  of  9,000  to 

16,000  feet,  from  Afghanistan  to  Tibet. 

31037.  Rhbuh  aubtealb  Don.  Rhubarb. 
See  No.  21763  tor  previous  introduction. 

81038.    Rhbuh  rAUiATUU  L.  Rhubarb. 

Variety  corallinvm. 

31039.  Rhxhh  palmatuii  L.  Uiubarb. 
Red-flowered  variety. 

31040.  Rhbum  BHAPONTictm  L.  Rhubarb. 
See  No.  21758  and  21760  for  previous  introduction. 

31041.  Rhbum  PBANZEHBACtta  Muenter. 

IHttribttlion. — In  the  mountain  valleys  of  the  province  of  Sbeusi,  China. 
31043.    Rhbdii  MOoacBOmANuu  Royle.  Bhubarb. 

See  No.  21766  Its  previous  introduction. 

31043.  TuPOucH  SCABBUH  L.  Clover. 

31044.  TftiPOLiDM  CHBRLBBi  Jusl.  Olover. 
IHttrilnitum. — The  countries  bordering  on  the  Mediterranean  from  Spain  to 

Syria,  and  in  northern  Africa. 

31045.  TaxrouvM  fannonicuu  Jacq.  Hongarian  clover, 

31046.  TaiFoiJUH  kedium  Huda.  Zigzag  clover. 

31047.  Tritouuh  BFuifosuK  L.  Olover. 
31048  and  81040.  Tritouuu  aorarium  L.  Oolden  olover. 
31O&0.    Trifouuh  cbrnuuh  Brot.  Olover. 

I>uin6uiv[>n.— In  the  vkinity  of  Cintra  in  Portugal,  and  Spain. 
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30975  to  31003— Continued. 

81001.    Tbifouuh  striatum  L. 

iHtlrtfrutton. — Western  and  BOUthem  Euivpe,  i 
Sweden  southwaid  la  Spain  and  eastward  t 
region,  and  in  norlhem  Africa. 

310S2.    Tbifolium  incarmatuu  L.  Crimaon  clover. 

31063.    Tbipouuk  sbcunatuu  Waldat.  and  Kit. 

DiUribuCtcm.— In  grassy  places  in  Hungary,  Servia,  and  Macedonia. 
310B4.    TBtroLiUM  tuhbhs  Stev.  Olorer. 

iKtin&ueum.— In  grassy  fields  on  the  elopes  of  the  mountaine  in  the  Trans- 
CaucaaiBn  r^ion  of  Russia  and  in  norlbem  Persia. 

S1055.    Trifouuh  albxandrinuh  L.  Beravatn.' 

310B9.    Tkitouith  pratenbe  L.  Bedelovttr. 

310S7.    Tripouum  lappacbuu  L.  Clover.' 

31066.    Trioohelu  toxuvu-o&Jlkcuu  L.  Femugreek. 

31060.    Trioonrlla  PR0Ct7HBENs  (Bees.)  Reicbenb. 

Dittribution. — Southeaatem  Europe,  extending  from  the  Balkans  eastward 
through  Boulhem  Russia  and  the  Caucasus  r^ion  to  Aoia  Minor. 

31080.  TbIOONELLA   t»>RNICUI.ATA   L. 

31081.  Trioonella  cretica  Boise. 
81062.  Triookblla  poltcerata  L. 
31063.    Tkigonella  folycbrata  L. 

Variety  deraata. 
81064.    Tbioonella  caerulra  (L.)  6er. 

Variety  eonnau. 
8106B.    Tbioonblla  CALUCERAa  Fisch. 

81066.  Trioonella  otADiATA  Stev. 

81067.  Tbioonella  aptNosA  L. 

IHttribution. — In  grassy  placee  in  the  island  of  Crete,  and  along  the  shores  of 
the  southern  part  of  Asia  Minor  and  Syria  and  Palestine. 
31068.    Trioonellea  cabbitlba  (L.)  Ser. 
31060.    Mbdicaoo  rahiata  L. 
31070.    TniA  RUBBA  beoonipolia  (St«v.)  Schneider. 

Dislrilmtum. — In  the  Crimean  Peninsula  and  the  Caucams  t^iou  of  south- 
eastern Russia,  Armenia,  and  northern  Persia. 

81071.  Aqroptron  aiBiRicuM  (Willd.)  Beauv. 

81072.  Troixius  LEDEBoDBn  Reicbenb. 

DitirOnuion. — A  hardy,  herbaceous  perennial  found  on  ^e  margins  of  woods 
or  in  damp  open  fields  near  streams  throughout  Manchuria. 
81078.    ViciA  8ATITA  L.  Spring  vetch. 

81074.    ViciA  VILL08A  Roth.  Hoiiyvsteb. 

3107B.      ViCIA   BATITA  LBDCTOSPBRMA   (Moeuch)  SOT. 

81076.  ViaA  FSEimoCRAccA  Bertol. 
31077.    VtciA  coRNTOERA  Chaub. 

Dittribution. — A  form  apparently  closely  related  to  Vicia  nuiva,  found  in  the 
vicinity  of  Agen,  Fiance. 
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30976  to  31083— Continued. 

S1078.    ViciA  HIBSUTA  (L.)  S.  P.  Gray. 
S1070.    VtciA  uMLiMon  Sibth.  uid  Smith. 

DiMributitm.— The  central  and  aoutbeni  part  of  Italy,  the  islaads  of  Sicily, 
«td  eaBtward  to  Greece. 

31080.  ViciA  riiTTA  Fisch.  and  Meyer. 

Dittribiuion. — In  copaes  from  Dalroatia  eastward  through  southern  Runsia  to 

31081.  VictA  BATPTA  L.  Spring  vetch. 

31083.      ViCtA    BATITA   OBOVATA   ScF. 

S1083.    ViciA  ANOUBUFOUA  Grufberg. 

310M.    Vksa  BATITA  LiDcosPEiuiA  (Moench)  Ser. 

SI08fi.      ViraA   STLYATICA   L. 

Dutr&ution. — Western   and   Boudiem    Europe,   extending  from   Norway, 
Sweden,  and  the  British  Isles  southward  to  southern  France,  Italy,  Corsica,  and 
Sardinia,  and  eastward  through  Servia  and  Koumania  to  Bouthem  Russia. 
31086  to  31088.    Victa  spp. 

31089.      ViCIA  ONOBRTCBIOIDEB   L. 

Duaibutitm. — Southern  France,  Spain,  and  eastward  'hrough  Italy  to  Greece; 
also  in  northern  Africa. 
Sloeo.    ViciA  ANOusnroLiA  Grufbei^. 

310ei.      VlCIA    DISFERHA    DC. 

31003.    ViciA  HicHAUzii  Spreng. 
Duirilnuwn. — Along  cultivated  fields  in  Meeopotamia,  Syria,  and  southern 

31003.      YlCIA    DUHBTORDM    L. 

Dittribution. — Western  and  southern  Europe,  extending  from  Norway  and 
Sweden  Boulhwanl  to  Spain  and  eastward  through  Italy,  Bulgaria,  and  Greece 
to  southern  Russia  and  southwestern  Siberia. 

310M.     Castanea  cbenata  Sieb.  and  Zucc.  Chestnut. 

From  Japan.    Presented  by  the  Agricultural  College,  Tohoku  Imperial  Uni- 

vBinty,  Sspporo,  Japan.    Received  May  25, 1911. 

This  is  probably  the  Aomori  variety,  wluch  is  one  of  the  hardier  Japanese  varieties, 

inbvducad  lor  the  work  of  a  breeder  who  is  trying  to  produce  disease-feaistant  strains 

of  chsBtnut. 

31095  and  31096. 

Fiom  Baguio,  province  of  Benguet,  Philippine  Islands.    Received  throu(^  Mr. 
C-  V.  Piper,  Bureau  of  Plant  Industry,  May  25,  1911. 
Seeds  of  (he  E<dlowing;  quoted  notes  by  Mr.  Piper: 

31005.    Rosa  multiflora  Thunb.  Bom. 

"An  eve^reen  (?)  species  with  stems  3  to  10  feet  high.    Flowers  white, 
small,  in  cymes  of  10  to  15.    Suggests  the  Cherokee  rose  on  a  small  scale." 
S1096.    RuBUB  PRAXiNiFouus  Poir. 

"Shrub  5  to  10  feet  hi^,  quite  erect,  stems  not  very  prickly,  red;  leaves 
evergreen,  ibiny,  pinnate,  with  7  leaflets;  fruit  scarlet,  as  large  as  a  big  rasp- 
berry, with  very  numerous  small  drupelets;  not  much  flavor." 
30224'— BqI.  242—12 5  .  -  . 
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31096  and  31096— Continued. 
31096— Continued. 

Dittribution. — Apparently  one  of  Mveral  toniu  cloeely  rdat«d  tA  fiufru*  roaoe- 
foliitf  Smith,  and  found  from  India  eutwaid  through  the  Malay  Afchipelago  to 

AuBtrala. 

31097.     JuBAEA  CHJLENSI8  (Mol.)  Baill.  Palm, 

From  Chile.  Received  through  Ur.  Joe£  D.  Husbonda,  Limavida,  via  Molina, 
Chile,  May  26,  1911. 

"The  tree  ie  called  Palma  de  CkUe;  the  fruit  CoqvUo»;  Indian  namea  LUla  and 
Couoou.  Thie  ie  the  tall,  slim  eort  with  a  trunk  about  18  or  20  inches  in  diameter. 
Practically  all  theee  trees  are  found  at  the  hacienda  'Palnuu  de  Ocoa,'  where  there 
are  said  to  be  over  2,500,  forming  wooda  upon  the  dry,  level  land;  in  other  parts  of 
Chile  they  are  very  scarce,  only  individual  trees  are  found  larely  and  at  great  dia- 
tanccB  apart.  They  do  not  grow  in  the  eouth,  I  presume  on  account  of  the  moiature. 
They  grow  in  the  drieet  parts.  In  the  hacienda  'Palmaa  de  Ocoa,'  they  manufacture 
palm  eirup  upon  a  large  scale.  It  ie  very  good  and  healthful  and  is  in  general  use 
among  well-to-do  [amiliee.  It  is  too  bi^  to  be  used  by  the  poor,  as  a  small  can 
2}  inches  ia  diameter  by  4}  inchee  high  costs  50  cents  gold,  l^iie  ie  also  served  alone 
as  a  dessert  dish. 

"I  fear  these  magnificent  trees,  tropical  plants  that  withstand  hard  frosts  and  the 
greatest  droughts,  will  become  extinct  in  the  near  future,  for  they  are  tapped,  generally 
with  an  ax,  each  year;  no  profwr  attention  ia  paid  to  conservation."    (Hutbandx.) 

81098.     Ertthrina  lithosperha  Blume. 

From  Mandalay,  Burma.    Freeenled  by  Mr.  J.  Mackenna,  Director  of  Agricul- 
ture.   Received  May  19,  1911. 
"This  is  known  in  Burmese  as  Ye-ht-lhit."    {Maekenna.) 

Procured  for  the  Porto  Rico  Agricultural  Experiment  Station  for  experimental 
growing  as  a  ahade  in  young  coRee  and  cacao  plantations. 

Diitribvlvm. — In  the  vicinity  of  Rangoon  in  south^n  Surma  and  in  Java  and  the 
Philippine  lelande. 

31099.     Oryza  satiya  L.  Bice. 

From  Soochow,  China.    Presented  by  Mr.  N.  Gist  Gee,  Department  of  NatumI 

Science,  Soochow  University.     Received  May  27,  1911. 

"This  is  a  peculiar  variety  of  rice  which  the  Chinese  grow  near  here  that  is  not 

grown  elsewhere,  they  say.    This  rice  when  cooked  shows  a  very  decidedly  reddish 

color,  and  for  this  reason  it  is  called  Skaili  nomtia  our  dialect;  this  translated  means 

blood  glutinous  rice.    The  general  belief  among  them  is  that  it  isarapidstrengthgiver, 

and  they  all  make  en  effort  to  get  some  of  it  when  they  have  been  sick  or  run  down 

phyaically  for  some  time.    I  am  not  ready  to  vouch  for  any  of  their  beliefa  about  it 

except  its  peculiar  color.    I  have  eaten  it  and  find  ite  color  when  cooked  quite 

unuBUal."     (.Que.) 

31101.      LUFINUS  sp. 

From  Paraguay.    Presented  by  Dr.  Moisee  S.  Bertoni,  Puerto  Bertoni,  Paraguay. 
Received  May  26, 1911. 
"Thie  is  a  wild  species  that  growa  in  the  most  sterile  soils,  even  in  the  loose  sand 
of  the  river  ehcve."    (Bvtani.) 
242 
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31103.  Tjallemamtia  ibebioa  (Bieb.)  Fisch.  and  Mey. 

F>om  Erfiut,  Germany.    Purchased  from  Haage  &  Schmidt.    Beceiv«d  May  26, 
1911. 
See  No.  29932  for  descriptioD. 
31108.    Chbtsantuemum  coccineuu  Wind. 

Prom    Ungariech-Altenbu^   (Hagyar-Ovar),    Hungary.    Presented   by  Mr.  J. 
Gyfirffis,  chief,    Hungarian    Plant-Culture    Experiment   Station.    Received 
May  29, 1911. 
Diitribution. — Alpine  and  Bubalpine  slopes  of  the  mountains  in  the  Caucasus  r^on 
of  southeastern  Russia,  Armenia,  and  northern  Persia. 

Introduced  for  the  work  of  the  Office  of  Drug-Plant,  PoiaODous- Plant,  and  Physio- 
logical InveetigatiouB  in  growing  in  the  United  States  the  various  species  of  this 
genus  which  produce  the  pyrethrum  insect  powder. 

S1104.    Pboenix  dacttufeba  L.  Date. 

From  Tangier,  Morocco.    Presented  by  Mr.  W.  B.  Harris.    Received  through 
Mr.  Maxwell  Blake,  American  consul  general,  June  1,  1911. 
Tafiilt.    See  No.  18630  for  description. 
Seeds. 
8110K  to  31108. 

From  Nanking,  China.    Presented  by  Mr.  F.  B.  Wbltmore.    Received  May  29, 
1911. 
Seeds  of  the  following: 

SllOfiaadSllOe.    Hohdbuh  vuloare  var.  Bftria;. 

81105.  31106.    Hull-less. 

"The  Chinese  say  one  at  their  sages,  about  600  B.  C,  found  barley  growing 
wild  in  what  is  now  Chinese  Turkestan,  brought  it  to  his  people,  and  advised 
its  use.  The  nortlieni  variety  makes  better  flour,  whiter,  the  ChiQese  say, 
because  it  blosRoms  at  night,  so  men  can  live  on  it  continually,  while  they  can 
not  live  only  on  that  grown  in  the  South;  it  is  too  strong,  because  it  bloesoms  in 
daytime."     {WhitJiwre.) 

81107.    TBrncuu  ABsnvtni  L.  Whaftt. 

SllOe.    Faqoptkuh  vtnx3ARB  Hill.  Bn^wheftt. 

31109  and  31110.    Carica  fapata  L.  Papaya. 

From  Port  of  Spain,  Trinidad.    Presented  by  Mr.  H.  Caracciolo,  St.  Joseph's 

Nursery.    Received  May  22,  1911. 

Seeds  of  the  following: 

31100.  "The  specimen  from  which  these  seeds  were  taken  was  oval,  9  by  6} 
inches,  and  weighed  5}  pounds.  The  flesh  was  about  1  inch  thick.  The 
fruit  arrived  in  very  poor  condition,  which  made  it  impracticable  to  say  posi- 
tively as  to  its  quality;  however,  even  under  these  conditions  it  possibly 
could  be  classed  as  very  good."    (P.  IT.  DoneU.) 

31110.  "The  fniit  from  which  these  seeds  were  taken  was  10  inches  long  by 
5  inches  in  diameter  at  the  larf;e  end  and  3  inches  at  the  small  end.  On 
accotmt  of  the  poor  condition  in  which  it  arrived  the  quality  could  not  be 
definitely  determined,  but  it  could  probably  be  called  very  good."  (P.  B. 
Donttt.) 
3*2 
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81111.    Carissa  ovata  R.  Brown. 

From  New  South  Wales.    Prewnted  by  Mr.  Waller  Praggatt,  who  pncured  them 

from  itr.  R.  T.  Baker,  curator,  Technological  Mueeum.    Received  Hay  27, 

1911. 

Thia  native  Australian  apeciea,  the  fruit  of  which  ia  edible  and  largely  used  (or  jam, 

is  introduced  for  use  as  a  Htock  for  the  tenderer  apieciea  of  the  genua  in  the  hope  of 

spreading  the  culture  of  thia  important  home-garden  fruit. 

Diuribution. — In  the  provincea  of  Queenaland  and  New  South  Wales  in  Australia. 

31112.    HoBDEDU  vuLOABB  var.  Hull-less  barley. 

From  Sydney,  New  South  Wales,  Australia.    Presented  by  Ur.  Qeo.  Valder, 
chief  in(f>ector,  throi^h  Mr.  H.  C.  L.  Anderson,  uodersecietary,  Department 
oi  Agriculture.    Received  June  1, 1911. 
31114.    GossYPiuM  sp.  Sdney  cotton. 

FromSanPedroMacati,  near  Manila,  Philippine  lalands.    Presented  by  Dr.  £.  D. 
Hecrill,  Bureau  of  Science.    Received  May  36,  1911. 
"Thia  isa  ahrub  2  to  2}  meters  (tf^  to  8  ft.)  high,  commonly  cultivated  in  Uw  Philip- 
pinea,  but  scarcely  commercially;  uaually  known  aa  bulac  eutila,  meaning 'Spauish 
cotton."    (Merrill.) 
31116.    Phttelbphab  beehanni  O.  F.  Cook  n.  sp. 

Paiutma  Ivory  palza. 

"Aa  already  recognized  by  Spruce  aa  far  back  aa  1869,  the  name  PhguUpkiu 
macroearpa  doea  not  belong  to  the  vegetable- ivory  palm  described  by  Seemann 
from  Panama  (Botany  of  the  Hertild,  1852-1857,  pU.  45-17,  p.  205).  Two 
apeciea,  macroearpa  and  mieroeaTpa,  both  from  the  eastern  alopea  of  the  Andes 
of  Peru,  were  named  by  Ruiz  and  Pa  von  in  connection  with  the  original  descrip- 
tion of  the  genua  Phytetephaa,  but  without  distinctive  charactera  other  dian  the 
aize  of  the  fruits.  Seemann  did  not  know  the  Peruvian  species,  but  waa  aware 
llwt  the  Panama  palm  was  different  from  another  Pbylelepbas  found  by  Purdie 
in  the  upper  valley  of  the  Magdalena  River  in  Colombia,  supposed  by  Karsten 
to  represent  Phyulephat  microcarpa.  Spruce's  account  of  the  true  moeroearpa 
of  Peru  leaves  no  doubt  that  the  Panama  species  ia  entirely  distinct.  It  has 
the  trunk  decumbent  and  creeping  instead  of  upright,  the  leaves  with  fewer, 
JlUgar  piimae,  the  spathes  two  instead  of  three  or  four,  the  male  flowers  with  36 
stamens  instead  of  ISO  to  280.  The  fruits  also  are  lat^r  and  contain  more 
numerous  nuts,  but  with  fewer  fruits  in  a  head."  {0.  F.  Cook.) 
From  Puiama  Canal  Zone.  Presented  by  Mr.  Pablo  Pinel,  Panuna.  Received 
June  1,  1911. 
31116  to  31102.    Ortza  satiya  L.  Bi(^. 

From  Philippine  lalanda.    Presented  by  Mr.  Sam  H.   Sherard,  agricultural 
inspector.  Bureau  of  Agriculture,  Manila.    Received  April  18,  1911. 
Seeds  of  the  followi:^;  quoted  notes  and  names  by  Mr.  Sherard; 
"A  complete  list  of  all  rice  (palsy)  collected  in  January,  Iloilo.    This  rice  is  clari- 
fied in  the  following  manner;  Bohol,  white  and  colored;  hard  when  cooked.    Bina, 
white;  soft  when  cooked.    PUU,  colored;  sticky  when  cooked.    These  kinds  are 
further  classified  as  Munahan,  barveeled  in  July  and  August;  Dagunan,  harveeled  in 
September,  October,  and  November;  ifa-eon,  harveel«d  in  December  and  January." 
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Sine  to  ailSa-Continued. 

ailie  to  31167.    Bim. 

31116.     Biray. 

31124. 

Canearf. 

31117.    BmUioJ. 

31138. 

ifo^na-yo. 

31116.     Boffna. 

31136. 

Ontramit. 

Sine.    CaJwn-bon. 

31127. 

QuiTWptmff. 

31130.     Catnirong. 

31138. 

RiTnoam. 

31139. 

TiruAono. 

31133.     Caiotae. 

31180. 

31123.     CaporcoM. 

31131  to  311S3.    Z)a^nan. 

31131.     CabilUUn. 

31143. 

DinaloMm. 

31133.     Ca&uod. 

31144. 

81133.    Cadacay. 

31148. 

QUXTUIIV^. 

81184.    Calaga. 

31146. 

Tnyab^. 

81138.    Caitpajwn. 

81147. 

Ylognm. 

81136.    CapwwM. 

31148. 

Magwnot. 

31137.     Corwa?. 

31149. 

Caowrg. 

81138.    Cotoe-toc. 

31 ISO. 

81139.     Calm-og. 

31181. 

Pinili. 

31140.     CotoTM. 

31183. 

Lonag. 

31141.    Catunda. 

81183. 

DiartumU. 

31142.     Cwwfenw. 

81184  to  31187.     ifa-ean. 

31184.    Calubug. 

31106. 

Siniflora. 

31188.    So^. 

81107. 

Bulaamga. 

31156  to  31166.    Bilil. 

311B8aiid31188.     MuruAan. 

81188.     JTuTwAan. 

31189. 

Minantica. 

31160  to  31163.    Dajfunan. 

31 160.     Z)os«)j(rf: 

31162. 

Soladang. 

31 161.     Morado. 

31163. 

Quinanu. 

81164  to  31166.     Ma-tan. 

81164.     /umiod. 

81166. 

Quinarabao. 

31166.     MonmquU. 

31167  to  81186.    Boliol. 

31167  to  81166.     Munahan. 

31167.    Cutdiiam. 

81169. 

Marong-paroc 

31166.    Gutna/u«. 

81170  to  31176.    Doffumn. 

81170.    Bamo. 

31178. 

Pinili. 

31171.     CaUio. 

31176. 

Quinadioi. 

31172.     Copunyod. 

31177. 

31173.    Caputol. 

31176. 

Camarinet    _, 

81174.    D^IinyuCTte. 

Google 
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31116  to  81193— Continued. 

31197  to  31180— CoDtinued. 

31179  to  31166.     Ma-ean. 

31170.    Arabvan.  31163.     TaptU. 

81180.     Cabonlog.  31164.    CantaU. 

31181.    QuOala.  3116B.    Pinili. 

31183.     Morado.  31186.     Calana. 

31167  to  SUM.    Raised  in  Munoi,  Nueva  Ecija,  by  Mr.  Percy  Hill. 

31167.  Mahkit,  or  rticky  palay.    Planted  July  5,  traosplaated  Sep- 
tember 2,  harvested  December  22,  1910. 

31168.  Pali^  lloco.    Planted  June  12,  transplanted  July  28,  harvested 
December  18,  1910. 

31169.  Paaga-Binuncloc,  or  early  palay.    Planted  broadcast  June  20, 
harvested  October  25, 1910.    Yielded  4S.3  bushels  pec  acre. 

81100.     MiTiaiil.    Planted  June  30,  transplanted  August  19,  harvested 
January  2.    Average  yield  73.2  bushels  per  acte.    A  good  eating  rice. 

31161.    Dampita.    Fn>m  province  of  La  Union. 

31163.    Ilaaano.    From  province  of  Nueva  Bcija. 

3119S.    Castilla  sp.  Central  American  rubber. 

From  Mexico.    Preeented  by  Mr.  J.  C.  Harvey,  PlantacitJn  La  Buena  Ventura, 
Sanbom,  Vera  Cruz,  Mexico.    Received  June  5,  1911. 
Introduced  for  (he  work  of  (he  Bureau  in  encour^ing  rubber  culture  in  Forto  Rico, 
the  Canal  Zone,  and  Hawaii. 

811B4.    Sphenosttus  stenocabpa  (Hochst.)  HumB. 

From  Amani,  German  East  Africa.     Preeented  by  Dr.  A.  Zimmemuui,  director. 

Biological  Agricultural  Institute.    Received  June  5,  1911. 

"Thieie  a  I^ume  which  forma  edible  tubers,  and  which  iscultivatedby  the  natives 

intheregionof  Tabora.   Thetaateof  the  tubers  ia  aimilarto  potatoes."   {Zimmemum.) 

DittrUnition. — From  the  valley  of  the  Kongo  southward  to  Angola  on  the  west  coaat 

of  Africa  and  on  the  east  coast  from  Abyssinia  southward  to  Mozambique. 

3118&.     LiNTJM  sp.  Wild  linseed. 

From  Szechwan,  China.     Presented  by  Mr.«A.  Sugden,  Custom  House,  Hankow. 
Received  June  5,  1911. 
"This  seed  is  bo  wn  in  June  in  aandy  soil  and  unteuded,  the  Chinese  saying  it  refuses 
to  be  cultivated."    (Sugdm.) 

31197.     Entelea  ABBORB8CEN8  R.  Br.  Whau. 

From  Wellington,  New  Zealand.    Presented  by  Mr.  T.  W.  Kirk,  Director  of 
Oroharda,  Gardens,  and  Apiaries,  Department  of  Agriculture,  Commerce,  and 
Tourists.    Received  June  5,  1911. 
See  No.  11746  for  previous  introduction. 
31198  to  31203.    Ullucus  tuberosus  Caldas.  Melloca. 

From  the  province  of  Jauja,  department  of  Junio,  Peru.    Presented  by  Mr. 
James  Arthur  Furlong,  Perene  Colony,  Peru.    Received  June  5,  1911. 
Tubers  of  the  following: 

31198.    Orange.  81100.    Orange  red. 
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81198  to  31203— Continued. 

31200.    Yellow.  31303.    Cream  colored,  spotted  wiib  r«d. 

31301.    Mottled  red. 

"These  tubers  grew  at  an  elevation  of  about  12,000  feet,  in  poor  and  stony  soil, 
worked  with  wooden  plows.  The  Ullucua  are  sown  in  drills  like  potatoes,  after  which 
ihey  are  molded  and  worked  with  hoes."    (Furlong.) 

"Themelloca  is  half  a  runner;  its  shoots,  without  support,  send  out  roots  wherever 
the  ground  is  touched.  lis  leaves  are  thick  and  fleshy;  from  being  Urge  and  spread- 
ing, they  become  erect  and  round  like  a  shell  in  the  (ully  developed  plant.  The 
flowen,  which  are  small  and  greenish,  spring  in  spikes  from  the  axil  of  the  leaves. 
The  produce  of  the  melloca  consists  in  its  tubera,  wbich  in  their  native  country  attain 
a  consideiable  size.  They  are  yellow,  very  smooth,  full  of  starch,  and  appear  on 
nmners  proceeding  from  the  base  of  the  stem  and  tending  to  riee  to  the  surface  of  the 
soil;  the  plant  must,  therefore,  be  pretty  well  earthed  up."  ( VUmarin,  Jour.  Hart. 
Soe.  of  London,  vol.  S,  1850,  p.  6S.) 

"I  have  found  this  in  all  the  Andean  valleys  between  the  River  Apurimac  and 
Potosi,  i.  e.,  between  13°  and  19°  30*  eoulh  latitude,  and  at  an  elevation  of  from  11,000 
to  13,000  feet  above  the  level  of  llie  sea.  It  is  extensively  cultivated  in  the  vicinity 
of  the  populous  Bolivian  city  of  La  Paz  in  common  with  the  two  varieties  of  OxaS* 
tuberoia  (Oca  augrit  and  Oca  aafios).  It  (the  Oca  ijmna)  ia  planted  between  the  25lh 
of  July  and  the  10th  of  August,  the  seed  employed  being  generally  the  smaller  tubera 
unfit  for  food,  and  ia  gathered  in  during  the  last  week  of  April.  It  will  be  recollected 
that  theee  two  periods  of  the  year  are  the  spring  and  autumn  in  the  Southern  Hemi- 
sphere. The  mode  of  cultivation  is  in  drills,  into  which  the  root  is  dropped  with  a 
little  manure.  I  need  scarcely  state  that  at  the  great  elevation  of  La  Paz  (upward 
of  12,000  feet)  the  climate  even  during  the  summer  season  is  severe,  scarcely  a  night 
passing  over  without  the  streams  being  frozen  over,  the  sky  being  in  general  cloudless 
atallperiodsof  the  year  except  during  the  rainy  season  (December  to  &larch).  Mean 
temperature  49°.  The  Oca  quiTia  (or  melloca)  is  chiefly  used  in  the  preparation  of 
Chuflo,  by  alternately  freezing  the  tubers  and  steeping,  by  which  they  are  changed 
into  an  amylaceous  substance,  the  form  under  which  not  only  the  Ocas  but  the  common 
potato  are  chiefly  employed  by  the  Indian  population;  an  operation  probably  intro- 
duced from  the  difl^culty  of  boiling  the  unprepared  tuber  at  an  elevation  above  the 
eea  where  the  point  of  ebullition  of  water  is  scarcely  high  enough  to  cook  raw  vege- 
tables, 192°  to  19S°  of  Fahrenheit's  scale."  (Pentland,  J.  B.  Oardenert'  ChnmirU, 
No.  S3,  1843,  p.  86t.) 

"In  addition  to  these  statements  I  think  it  right  to  aay  that  there  is  little  proba- 
bility of  this  plant  becoming  useful  as  a  garden  esculent.  Its  produce  will  probably 
be  found  huge  when  it  is  cultivated  in  the  manner  which  the  experience  already 
gained  shows  to  be  necessary  to  it,  namely,  when  planted  in  the  beginning  of 
March,  the  little  tubers  being  tised  for  sets,  earthed  up  in  July,  and  harvested  in 
November.  The  leaves  and  tubers  ore  no  doubt  nutritive  but  so  full  of  on  insipid 
and  somewhat  earthy  slime  that  whe&er  as  spinach  or  as  boOed  tubers  it  will  never 
be  received  at  the  table  of  persons  of  taete."  (Livdky,  Jour.  Bon.  Soe.  (^London, 
vol.  6, 1860,  p.  69.) 


81203.    Clauoeka  lansitjm  (Lour.)  Skeels.  Wampee. 

From  Edinburgh,  Scotland.    Presented  by  the  Begins  Eeeper,  lU^  Botanic 
Garden.    Received  June  1,  IBII. 
See  Noa.  26546  and  27964  for  pievious  inttoductiooe. 
242 
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31304.    Cabtocar  tillosuh  (Aubl.)  Fersoon.  Kquifi. 

From  Para,  BiseU.  Freeented  by  Mr.  Walter  Fischer,  acting  director,  Campo  de 
Cultura  Experimental  Paiaense.    Received  May  26,  I91I. 

"The  piqui&  is  one  oE  the  foreat  trees  (rf  this  vicinity  that  is  highly  prized  fa-  its 
lumber.  The  wood  ie  extremely  hard  and  etrong,  eo  etrong  in  fact  that  the  wcrd 
piquii  is  almost  symbolic  for  strength;  it  ia  white  and  close  grained.  I  have  seen  but 
one  tree  that  eUiod  in  the  open;  in  fruit  witii  nearly  all  of  its  leaves  shed  it  resembled 
one  of  our  black  walnuts  in  the  fall  of  the  year.  The  fruit  is  boiled  before  eating. 
After  peeling  o£E  the  thicli:  rind,  there  remains  a  fatty  layer  of  one-half  inch  thickneee 
incloeing  a  rather  spiny  seed  as  large  as  a  walnut  in  the  hull.  It  is  this  fatty  layei 
which  is  eaten  boiled,  but  the  kernel  of  the  seed  is  eaten  raw."    {FitcAer.) 

Dutribution.—A  huge  tree  in  the  forests  of  the  nOTlhem  part  of  South  Amoicft, 
extending  from  Guiana  southward  to  the  valley  of  the  Amazon  in  Braiil. 

31206.    Mu8A  sp.  Banana. 

From  Paraguay.    Presented  by  Mr.  0.  F.  Mead,  Villa  Encamacion.    Beceived 

June  6,  1911. 

"This  sucker  came  from  aa  especially  fine  banana  plant,  one  from  which  I  cut  a 

bunch  weighing  52  kilos  (114.64  lbs.).    The  hunch  of  bananas  cost  me  24  cents  gold. 

This  fruit  was  pronounced  by  four  Argentinians  as  the  finest  flavored  banana  Uiey  had 

ever  eaten."    (Mead.) 

31307.     Pa&sifloba  sp.  Paasion  fruit. 

From  Montevideo,  Uruguay.  Presented  by  Mr.  Frederick  W,  Goding,  American 
consul.  Beceived  June  6,  ISll. 
"This  fruit,  indigenous  to  Uruguay,  is  called  the  Viriai>/a.  It  is  a  long,  climbing, 
perennial  vine,  which  ia  found  only  in  forests  along  the  margins  of  streams.  The  fruit, 
which  is  ripe  here  about  the  first  of  April,  is  similar  in  size  and  shape  to  a  lemon.  The 
skin  is  of  a  lovely  orange  yellow,  smooth  and  shining.  The  interior  is  filled  with  a 
most  luficious  siruplike  juice  with  a  fiavor  peculiar  to  itself  but  most  satisfactory  to 
the  taste.    It  contains  a.  large  number  of  seeds,  resembling  those  found  in  the  passiOD 

"No  seeds  are  on  sale  in  the  seed  stores  at  present,  and  as  the  vine  grows  wild  in 
unfrequented  parts  of  the  republic  coneiderable  difficulty  will  be  experienced  in 
obtaining  a  supply."    (Godmg.) 

3ia08  and  31909.    TBmcuif  spp.  Wheat. 

From  Khartum,  Egypt.    Presented  by  Mr.  R.  Hewison,  Assistant  Director  of 
Agriculture,  Sudan  Government.    Received  June  7, 1911. 
Seeds  of  the  following;  quoted  notes  by  Hr.  Hewison: 

81S08.    Dongola.    "This  wheat  ia  the  sort  grown  by  the  native  cultJv&tMB  in 

the  Dongola  Province,  but  I  am  unable  to  discover  its  origin." 

81209.    Indian.    "This  was  received  bom  Egpyt,  where  it  bad  been  grown. 

The  crop  from  which  this  sample  was  taken  ia  the  third  grown  in  the  Sudan 

from  the  imported  seed." 

"These  two  wheats  are  firom  the  crop  that  is  now  being  harvested  and  have  been 

grown  on  a  commercial  scale.    They  have  both  been  grown  under  irrigation,  were  sown 

in  November  and  harvested  in  March,  actual  period  of  growth  being  about  four  months. 

The  seed  is  broadcast  on  land  that  has  been  watered  about  e^t  days  previously  and 
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plowed  m  with  the  Egyptian  plow.    Five  to  six  w&teringB  are  given  Bubsequently  and 
our  average  yield  for  eotae  50  acres  will  this  year  amount  to  about  22  buahels  per  acre. 

31310  to  31233. 

Prom  Lahore,  India.    Pieeented  by  Mr.  W.  R.  Mustoe,  Buperintendent,  Qov«in- 
ment  Agri-Horticultural  Gardens.    Received  June  6,  1911. 
Seeds  of  the  following: 

31210  to  31S14.    Procured  from  fruits  purchased  on  the  open  market  at  the 
request  of  Mr.  F.  Booth  Tucker,  Salvation  Army,  Simla,  India. 

31210.    CrTBva  limondu  Riseo.  Lemon. 

31211  &ndSI913.    Citrdb  uubtta  RisM.  I,diae. 

31211.    Kaghei.  31212.    Sour. 

81213.    Crritra  DEctWANA  (L.)  Munr.  Poi 

Chakaiiu. 
31214.    CmuB  AUKAHTiuu  etNBNSiB  L.  Orange. 

8t21S  Oo  91998.    Collected  &om  fruit  grown  in  the  gardens. 

31216.    Cttkus  ldionum  Riseo.  I>«mea. 

iAiila. 
31218  and  31917.    CrrRua  umbtta  Riseo.  I 

81216.    £'AaUa,  BOUT.  31217.    Large  sweet. 

81218  to  31290.    Citbub  AtiRANnuu  BiNBNSia  L.  Orange. 

31218i.    Stmgtara.  31320.    Sy&et. 

31219.    Kauia. 
31321  and  31323.    CrrRtJS  dscum&na  (L.)  Murr.  Pomelo. 

31391.  31222.    Large  fruited. 

81333.    CiTRue  sp. 
Malta  med. 
31234.     DiosFYROs  lotus  L. 

From  I^ote,  India.    Presented  by  Ur.  W.  R.  Hustoe,  euperintendent,  Govnif 
ment  Agri-Horticultural  Gardens.    Feceived  June  6,  1911. 
Vernacular  name  Lotot  tanUik. 
31225.    Castilla  sp.  Central  Aznerican  rubber. 

From  Vera  Cruz,  Mexico.    Preeented  by  Mr.  WOliam  W.  Canada,  American 
consul.    Received  June  8,  1911. 
Introduced  for  the  work  of  the  Bureau  of  Plant  Industry  in  encatnaging  rubber  cul- 
ture in  P<ato  Rico,  the  Canal  Zone,  and  Hawaii. 

31S36.    Cbtptocabta  sp. 

From  Chile.  Received  through  Hr.  Jaek  D.  Husbands,  Limavida,  Chile,  June  9, 
1«11. 
"This  fruit  is  edible  and  sweet  with  no  ill  flavor.  The  ones  I  eend  were  dried  in 
the  sun  to  make  them  harder,  as  taken  ripe  from  the  tree  they  bafile  description;  the 
skin  slides  at  touch  revealing  a  viscous,  slimy,  ropy-mucous,  soapy-mucilaginous 
jelly,  elastic,  stringy,  and  has  ways  of  its  own  unexampled.  It  soon  driee  and  shows 
other  qualities.  This  material  may  be  valuable.  It  reminds  one  of  rubber,  when 
dried."     (Hiubandi.) 
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31227.  Chbtsanthehuh  harschallii  Aschers. 

From  OdesM,  Russia.  Procured  from  Mr.  B.  F.  ShtAmma;  preeeat«d  by  Mr. 
John  H.  Grout,  American  conaul.  Received  July  9, 1911. 
"A  perennial  herb  belonging  to  the  Compoeitie  fiuoily,  closely  related  to  the  plant 
fumiahing  the  Fersiab  'ataect  powder  (ChryianlhemumToieumW.anm.).  The  flowers 
and  unopened  flower  buds,  when  dried  and  finely  powdered,  are  used  to  kill  insects, 
the  powder  of  thia  apcciea  being  known  also  aa  Persian  insect  powder.  The  flowera 
in  some  forms  are  double  and  give  value  t«  the  plant  as  an  ornamental.  This  species 
occurs  with  ChryKoUlitmmn  ro»eun  in  the  high  mountains  of  the  Caucaaua,  Armenia, 
and  northern  Persia,  where  it  occupies  eunny  areas."    (R.  H.  Tnte.) 

31228.  Dbacaeka  cinnababi  Balf.  f.  Dragon's-blood  tree. 
From  island  of  Socotra,  Africa.    I^w:uied  by  Mr.  Charlee  E.  Moeer,  American 

consul,  Aden,  Arabia.  Received  May  24,  1911. 
"I  saw  three  varieties  of  this  tree  growing  close  together  and  was  much  interested 
in  their  ruby  exudations,  of  which  the  natives  now  make  but  little  use.  They  call 
the  tree  a'ard-eeib  (as  near  as  I  can  get  it  phonetically)  and  the  exudation  mu-ioilo. 
This  tree,  I  believe,  would  grow  well  in  the  San  Bernardino  Mountains,  td  which  the 
Haghier  Hills  much  remind  me."     {Moter.) 

"I  found  the  average  faei^t  of  this  tree  to  vary  from  18  to  20  feet,  and  its  circum- 
ference from  3  to  5.  When  young  they  usually  have  but  one  stem  and  no  branches, 
the  leaves  being  disposed  in  the  form  of  a  etax  round  the  upper  part,  but  as  they  get 
older  they  may  be  seen  with  three,  four,  and  even  five  stems.  From  the  extremity 
of  each  bnnch  a  cluster  of  leaves  rises  perpendicularly,  which  are  disposed  in  a  circular 
form  radiating  from  the  center.  The  branches  are  thickly  interwoven  in  the  most 
fantastic  and  tortuous  shapes,  but  the  foliage,  assuming  a  more  regular  and  better- 
defined  outline,  rises  in  a  semicircular  shape  over  the  summit.  Their  appearance 
at  a  distance  is  therefore  that  of  an  inverted  cone  supported  by  a  thin  cylinder. 
The  bark  of  the  tree  is  of  a  lead  color;  the  wood  is  soft  and  spongy,  having  thin  longi- 
tudinal fibem  extending  aloi^  it;  the  roots  spread  very  much,  partially  intersecting 
each  other  near  the  surface.  Few  of  them  extend  to  any  depth,  and  they  may  fre- 
quently be  observed  seeking  sufficient  nourishment  from  the  soil  lodged  in  the  cavi- 
ties in  the  rocks.  The  Arabs  consider  the  tree  to  he  of  different  sexee.  The  male, 
they  say,  produces  no  gum,  which  exudes  bo  spontaneously  from  the  female  treee 
that  it  does  not  appear  neceesary  on  any  occasion  ta  make  incisions.  Soon  after  the 
setting  in  of  the  southwest  monsoon  is  considered  to  be  the  period  moet  favorable  for 
collecting  it."  {WeUated,  TraveU  in  Amhia,  vol.t,  18S8,  pp.  449-461.) 
31228  to  31231. 

From  Peru.    Presented  by  Mr.  J.  A.  Furlong,  Perene,  Peru.    Received  June  9, 
1911. 
Tubers  of  the  following: 

81339.    Iponoba  batatab  (L.)  Poir.  Sweet  potato, 

"Grown  by  the  savages  in  the  Perene  district."    (Pwhmg.) 
31230  and  S1331.    Solakuh  spp.  Potato. 

31330.  "Tubers  uniform  in  size,  small  to  medium.  Shape  uniform, 
mostly  round  to  oblate,  flattened.  Surface  smooth  to  knobby.  Distal 
end  obtuse  to  truncate.  Stem  small  to  large,  central.  Proximal  end 
obtuse  to  truncate.  Bud-eye  cluster  small  to  luge,  little  too  much 
depressed,  central.  Cavity  rather  large,  narrow  to  broad,  deep,  irregular. 
Skin  thick,  tough,  not  easily  bruised,  gloesy  to  dull,  purple  to  violet 
mottled  with  coppery  yellow,  variable.  Eyes  few  to  many,  mostly 
grouped  at  distal  end,  small  to  huge,  deep,  compound,  regular,  c«a- 
i*2 
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preesed,  purple.    Eyebrows  prominent  to  inconspicuous,  short  to  long, 
curved.    Fleeh  fine,  firm,  juicy  to  dry,  white  to  yellow." 
81831.    "Tubers  uniform  and  medium  in  size.    Shape  unifwrn,  elon- 
gated, regular.     Surface  smooth.     Distal  end  round.     Bud-eye  cluster 
Bmall  to  [aige,  a  little  depressed,  central.    Proximal  end  round.    Stem 
email,  deciduous,  central.    Cavity,  none.    Skin  thick,  tough,  not  easily 
bruised,  dull,  purple  with  coppery  cast,  uniform.    Eyee  many,  single, 
large,  deep,  compound,  r^ular,  compressed,  purple.    Eyebrows  promi- 
nent to  inconspicuous,  short   to  long,  straight   to  curved.     Flesh  fine, 
firm,  juicy  to  dry,  white  to  yellow."     (William  Stiiart.) 
"These  potatoes  are  grown  in  a  place  called  Kuasahuasi,  which  is  10,000 
feet  above  sea  level,  by  Hill  Indians.    They  are  called  Papas  de  Maa,  and 
we  much  esteemed  by  the  natives.    For  sowing  them  the  ground  is  broken 
by  the  primitive  wooden  plow.    After  it  iacroeeed  and  drilled  for  the  reception 
of  the  seed  potatoes  they  are  sown  by  hand,  and  after  they  appear  above  groimd 
are  cultivated  by  hand  hoes  of  a  very  primitive  pattern,  having  a  wooden 
handle  about  18  inches  long.    A  fine  tool  to  break  the  backs  of  any  people  but 
Hill  Indians."    {FwrUmg.) 

31336  to  31240. 

From  Peru.    Preeented  by  Hr.  J.  A.  Purloug,  Perene,    Received  June  5,  1911. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Furlong: 

31336.  Tkiticuh  aestituh  L.  Wheat. 
"  From  the  province  of  Jauja,  department  of  Junin,  grown  at  an  elevation  of 

about  12,000  feet  in  very  poor,  stony  soil,  worked  with  the  primitive  wooden 
plows  to  a  depth  of  about  4  inches.    Is  usually  sown  in  drills." 

31337.  Pkaseolcs  vulqaris  L.  Bean. 
"FrijoU*  blaneot  (white  Lima  beans).    Grow  well  in  almost  any  kind  of  soil 

when  sown  in  the  spring  of  the  year.    These  are  grown  in  the  Perene,  eleva- 
tion 2,100  feet." 
31238.    Pbosopis  hjufloba  (Swartz)  DC.  Alg&roba. 

"Algaroba,  from  Tumbee,  department  of  Piuia,  Peru.  This  variety  grows 
wild  all  over  the  department  and  forms  the  principal  food  of  goats,  horses,  and 
homed  cattle.  The  tree  is  being  fast  killed  out  by  charcoal  burners.  This 
seed  is  part  ol  a  lot  ol  60  pounds  brought  to  the  Perene  for  experimental  plant- 
ing in  a  dry,  sandy  soil.  The  nursery  has  been  made  in  horse  manure,  in  which 
the  seedlings  are  coming  up  fine." 
31336.    Ltcofebsicoh  sp.  Tomato. 

"A  wild  variety  found  growing  in  the  Perene.  Soil  very  sandy;  temperature 
80°  Fahrenheit  in  theahade.  Elevation  2,100  feet  above  sea  level.  Theseed 
was  without  doubt  at  one  time  imported  and  has  now  deteriorated.  The 
tomatoes  are  used  exclusively  for  food  purposes.  They  are  about  the  size  of 
large  marbles  and  are  very  palatable." 
81240.    CHEKOFODiDif  QtnNOA  Willd,  Qninoa. 

"Grown  at  12,000  feet  elevation  in  the  province  of  Jauja;  is  a  food  much 
esteemed  by  tbe  Cholo  Indians;  is  sown  in  drills  and  very  lightly  covered  with 
earth.  It  is  ready  to  harvest  in  about  six  mtaithfl,  whidi  is  dsane  the  same  as 
lice  and  replaces  tbaX  grain  in  everything." 


3vGoo^^lc 


76  SEEDS  AND  PLANTS  IMPOBITSD. 

31241  to  31268. 

Fkhu  La  Mortola,  Veatimiglia,  Ittdy.    Presented  by  Prof.  Alwin  Beiger.    Re- 
ceived April  5,  1911. 
Seeds  of  the  following; 

81S41.    Abparaous  acdtipouds  L.  Asparagiu. 

31249.    AsPARAOUB  cooFEBi  Baker.  A>paragiu. 

31S4S.    AsPARAOus  CRispus  Lam.  A>pftragiiB. 

31344.    Berbbris  iapohica  bbalbi  (Fortune)  Skeels.  Barberry. 

{Berhtri*  btalei  Ft^une,  Gordenera'  Chroaicle,  1850,  p.  212.) 

This  Kiuiid-leaved  tonn  of  the  ^apeneae  barberry,  discovered  by  Dr.  FOTtune 
in  a  garden  \a  the  province  of  Eiangsu,  near  Shanghai,  China,  eeema  never  to 
have  been  united  with  Btrberii  japonioa,  where  it  eo  evidently  belongs. 
31340.    Bbrbbbib  oloboba  Benth. 

Dvtrihition. — The  Blopea  of  the  Andee  in  the  vicinity  of  Bc^ta,  Colcsnbia. 
31346.    Bbrbkrib  auniPBu  Koch  and  Bonche. 
81347.    BiTDDLBU  brabiuekbib  Jacq. 

31348.  BtTDDLEu  OLOBOBA  Hope. 

31349.  BUDDLEIA    MADAaAaCARIENSIS   Iaoi. 

Distribtttion. — Along  streuua  in  the  Mascarene  lalands  and  in  Madagascar; 
introduced  into  India,  Africa,  and  South  America. 
813a0.     ToONA  ciUATA  Boem. 

313S1.    CBBA-raNiA'  8IU4UA  L.  Carob. 

8i3S3  and  31303.    CtTRDs  aubantiuu  siNBNsra  L.  Oran^. 

31364.    CiTBirs  oecdhana  L.  Pomelo. 


3I2S5.    Ilex  cornuta  Lindl.  and  Paxton. 

See  Noe.  22979  and  24638  for  previous  introductions. 
31356.    Ltoedh  sparteuh  Loeffl.  Esparto  giaaa. 

See  Noe.  3334  and  21504  for  previous  introductions. 

Dittributvm. — Southern  Europe  and  northern  Africa,  extending  from  Spain 
and  central  Italy  to  Corsica,  Sardinia,  and  Sicily,  and  through  northern  Africa 
from  Morocco  to  E^pt, 

31367.  MoRABA  sp. 

31368.  Moraea  lainioiDEa  L. 

31300.    PiSTAciA  LEtmscua  L.  ICaatiotree. 

31360.  PsiDiuH  ARA9A  Raddi.  An^a. 

31361.  QuERCus  euBBB  L.  Cork  oak. 
31363.  Rosa  damabcbna  Miller.  Bose. 
31363.    Sabal  qlabra  (Mill.)  Sargent. 

81364.    Sabal  blackburnia  Glazebrook. 

DittrUtuium.—Fmquent  in  the  islands  of  Cuba  and  Haiti,  and  the  Caribbean 
group. 
31260.    Solanuu  ublongeha  L.  Xggplant. 

Variety  yhteto  globota. 
81366.    Vbrbabcuu  oltupicuu  Boise. 

Distribution. — The  vilayet  of  Kaetamuni  in  the  northweetem  part  of  Aria  Mtnta*. 
81367  and  31368.    Vme  sp. 
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31368  to  31371.    Meconopsis  spp. 

Ftom  Liverpool,  England,    Preeented  by  Bees  Ltd,     Received  June  D,  1911. 
Seeda  irf  the  foUowing: 

81300.    Mbookofbib  intborifolu  (Haxim.)  French. 

"This  striking  plant  was  first  discovered  by  Qie  celebrated  Russian  traveler, 
Przevralaki,  in  1872-73,  in  the  extreme  northwest  of  the  province  of  Eansu, 
and  he  subsequently  collected  it  in  several  different  localities  in  the  same 
r^on.  Potanin  also  collected  it  in  Kansu,  in  18S5,  In  1B87  it  was  collected 
by  Delavay  in  the  teowy  Rai^  of  Likiang,  Yunnan,  at  an  altitude  of  13,000 
feet;  and  in  1896  Hr.  A,  E.  Pratt  obtained  very  fine  specimens  in  the  neighbor- 
hood of  Tachienlu.  Its  &st  appearance  in  European  gudens  seams  to  have 
been  due  to  the  Abb6  Fargee,  who  sent  seed  to  Mr.  Maurice  L.  de  Vilmorin  in 
1895,  with  whom  it  flowered  in  IS97,  but  it  produced  no  seed  and  waa  conse- 
quently lost  to  cultivation. 

"In  1903  Mflssrs.  Jamee  Veitch  &  Sons  B^t  Mr.  £.  H.  Wilson  on  a  second 
journey  to  China,  one  of  the  principal  objects  being  to  collect  Heeds  of  Meconop- 
tit  inUgrifolia.  He  'found  it  in  millions'  in  the  mountains  west  of  Tachienlu 
at  elevations  of  11,000  to  15,500  feet;  never  lower.  As  may  be  expected,  it  is 
pwfecliy  hardy  in  Ihe  open  ground,  but,  what  was  lees  to  be  expected,  it 
AourishAB  ani  floweis  heeiy  without  any  special  treatment.  Whether  it  will 
seed,  time  will  prove.  Under  the  most  favorable  conditions  in  a  wild  state, 
Mr.  WUsob  observed  plants  about  3  feet  high,  bearing  as  many  as  18  flowers, 
while  at  its  greatest  altitudinal  limit  it  is  reduced  to  a  rosette  o[  leaves  with  one 
flowei  aestling  in  the  center. 

"It  is  a  robust  biennial,  usually  1  j  to  3  feet  high,  densely  clothed  with  long 
silky  bails  varying  in  color,  but  usually  yelbwish  brown.  8tem  stout;  bianchee 
and  pedunclee  in  whorls.  Leaves  numerous,  mostly  linear-lanceolate,  6  inches 
to  1  foot  long,  shorter  on  the  stem.  Peduncles  longer  than  the  leaves,  one- 
flowered,  clothed  with  reversed  haira.  Flowers  yellow,  usually  5  to  6  inches  in 
diameter,  ecmetimea  as  much  m  10."  (Extract  from.  Ourtit'i  BoUmiad  Maga- 
tme,  vol.  1,  *er.  4,  1905.) 

DUtnbfiiion. — Slopee  of  the  mountains  in  the  provinces  of  Kaosu  and  Yunnan 
'  in  China. 
81270.    Meconqpsu  nsi^vAYi  Franch,  -* 

"This  beautiful  little  plant  was  first  discovered  by  Pere  Delavay  in  18S4  on 
the  eastern  Sank  of  the  Lichiang  Range,  northwest  Yunnan,  at  about  12,500 
feet  altitude.  In  height  it  varies  from  5  to  9  inches,  reaching  the  latter  only  in 
the  most  favorable  situationB.  The  roots  an  long,  thick,  and  fleshy.  Flowers 
solitary,  s«nipenduIoue,  1}  to  2  inchee  in  diameter,  color  deep,  satiny,  pmple- 
blue.  Mature  capeule,  erect,  2  to  3  inches  in  length  by  }  inch  in  diameter. 
This  charming  species  flowers  in  June  or  July,  and  there  is  little  doubt  of  its 
proving  perfectly  hardy  in  this  (Scotland)  climate.  The  flowers,  witii  their 
shining,  deep-colored  petals  and  orange-colored  anthers,  form  a  delightful  con- 
trast to  die  glaucous  green  of  the  foliage  and  scapes.  The  species  is  gregarious, 
and  delights  in  open,  dielteied  situations.  The  first  apecimens  found  by  me 
formed  small,  scattered  colonies  along  the  base  of  a  series  of  ragged  limestone 
clifb,  at  about  11,000  to  12,000  feet.  These  were  growing  on  poor,  patchy  pas- 
ture, in  the  shelter  of  dwarf  bushes  and  under  the  lee  of  rocks.  The  soil  was 
composed  of  limestone,  gravel,  and  chips  of  varying  siee.  The  roots  of  the 
species  are  thick  and  fleshy  and,  in  the  exceedingly  free  formation,  penetrate 
to  quite  a  c(»iBiderable  depth,  in  many  instances  as  much  as  12  to  18  inches. 
Later  in  the  season  the  species  was  met  with  in  greater  abundance  at  a  higher 
2*2  ^.kK>^^lc 
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altitude  {13,000  to  14,000  feet),  growing  smongst  heavy,  alpine  pasture  in  con- 
junction with  Meeonoptit  integnfolia  and  M.  forratii.  One  peculiar  feature  of 
iteeonoptit  delavayi  ie  the  remarkable  elongation  of  the  scape  during  the  matura- 
tion of  the  capsule;  some  seen  were  as  high  as  2  feet,  or  nearly  foui  timee  the 
nonnaJ  height  of  the  Bcape  during  the  flowering  period."  (George  Forrtit,  Gar- 
denert'  Chrmticle,  July,  1911.) 

Dulribuiion. — On  the  slopee  of  the  mountains  at  an  altitude  of  12,000  feet  in 
the  vicinity  of  Likiang  in  the  province  of  Yunnan,  China. 
31271.    Hbcomopbis  hokkidula  bddis  Piain. 

ZHMn&ution.— Same  as  No.  31270. 

31272.  Ebiobotrta  JAPONicA  (Thunb.)  Lintll.  Loquat. 
From  Tunis,  North  Africa,    Presented  by  llr.  L.  Guillochon,  Jardin  d'Eesaie  de 

Tunis.    Received  June  12,  1911. 
Seeds. 

31273.  Abbaoaoia  xanthobbhiza  Bancr.  Arracacla. 
From  Caracas,  Venezuela.    Presented  by  Hr.  Antonio  Valero  Lara.    Received 

June  12, 1911. 

"This  is  known  by  the  name  of  Yueo  because  the  color  of  the  stem  and  leaves  is 
dark  and  bo  deep  as  to  be  almost  black,  and  there  are  places  jrhere  it  is  known  as  Ajno 
negro.  This  is  made  into  preparations  for  the  table  as  legumes  are,  in  a  kettle  or  a 
glazed  pot,  for  soups,  cakes,  conserves,  and  finally  a  flour  is  obtained  from  it  called 
sulu,  which  is  highly  nutritious  for  convalescing  invalids,  babies,  and  old  people." 
(Lara.) 

Tubers. 

31274.  AsPABAous  hatchebi  Hort.  Asparagus. 
From  Hoffmane,  N.  Y.    Purchased  from  Mr.  John  C.  Hatcher,  Amsterdam,  N.  Y. 

Received  June  12,  1911. 

"This  variety  originBt«d  with  John  C.  Hatcher  at  his  greenhousee  in  Hoffmans, 
NrY.,  some  12  to  14  years  ago.  The  original  plant  was  discovered  in  a  bed  of  .Atpom^iu 
plumosvM,  and  there  is  reason  to  believe  that  it  is  a  chance  hybrid.  Mr.  Hatcher  had 
been  experimenting  with  asparagus  for  a  number  of  years  before  the  discovery  of  this 
variety,  feeling  assured  that  it  was  possible  to  produce  something  superior  tn  A. 
phanona.  About  that  time  he  had  been  crossing  several  varieties,  and  his  belief 
is  that  Atparaffut  hatcheri  is  the  result  of  a  cross  between  A.  p2u)no*iu  and  a  variety 
which  he  ran  across  in  England  some  15  years  ago. 

"Attention  was  immediately  directed  to  the  new  plant  by  reason  of  its  dense  and 
symmetrical  growth  of  dainty,  fern-like  bonds,  the  latter  being  set  close  together 
along  the  stalk  and  producing  splendid  fronds  averaging  12  to  15  inches  or  more,  as 
against  those  of  A.  plumosut,  which  average  from  8  to  10  inches.  It  is  a  very  free 
grower,  its  productive  value  being  as  3  to  1  compued  to  the  old  variety,  as  it  will 
make  a  string  24  feet  long  while  A .  plwmonu  is  making  one  of  8  feet.  Its  large  fronds 
and  lasting  qualities  make  it  far  superior  to  the  old  variety  for  decorative  use.  On 
account  of  the  density  of  iis  growth  it  is  much  preferred  by  retailers  for  bunch  work. 

"A.  hatcheri  has  been  given  the  severest  possible  lest  in  every  direction  and  stands 
i^iproved  by  those  who  have  been  fortunate  enough  to  obtain  the  stock  or  to  use  it 
for  decorative  purposes."  [Extract/rom  the  FloritU'  Exdumge,  May  6, 1911,  p.  9SS.) 
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31276.    SoLANUH  TUBEB08UU  L.  Potato. 

F^vm  Paragiuy.    Presented  by  Dr.  Hobee  6.  Bwtoni,  Eitedon  Agronomiot, 

Puerto  Berloni,  Colooia  Bertont,  Paraguay.    Received  June  12,  1911. 

Variety  TiuDuntticum.    "Thiaisa  variety  of  the  SoJ(inunitu6«roruTn  that  growa  wild 

in  Ponguay  aDd  has  been  confounded  with  the  Solatium  eominertonii  of  Uruguay. 

I  gave  it  the  name  of  Solanum  tuberoium  vox.  guaranitunan;  see  Piaelim.  ad  Floiam 

Guaran.,  port  1."    (Berbmt.) 

31276  to  31307. 

^Km  Chinese  Tutkeetan.    Received  through  Hr.  Prank  K.  Meyer,  ^ricultural 
explorer,  June  3, 1911. 
The  foUowing  eeeds  and  plants: 
31376.    EuoNmns  ap. 

From  mountains  near  Ta-si-ku,  Hi  Valley,  Chinese  Turkestan.  Altitude. 
4,600  feet.  "(No.  982,  April  8,  1911.)  A  email,  creepiog  variety,  found  on 
northern  exposed,  grassy  mountain  slopes  and  between  shrubs  on  somewhat 
moist  and  cool  places.  Makes  stems  3  to  4  feet  in  length  when  growing  in  some 
well-protected  situation.  Laavep  small,  wine  red  underneath,  and  semiper- 
sistent.  Of  possible  value  in  northern  regions  as  a  ground  cover  beneath  trees. 
May  bo  expected  to  be  hardier  than  the  ordinary  Euonymut  radicang  and  ite 
varieties,  as  the  climate  of  Hi  Valley  is  decidedly  of  a  severe  continental 
nature,  e.  g.,  on  November  24,  1910,  the  mercury  dropped  to  —30°  C.,  or 
-22T."  (Meyer.) 
S1277.    Iris  sp.  Iiio. 

From  near  Kizil-Bulak,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude, 
7,00!)  feet.    "  (No.  983,  March  5, 1911.)    An  iris  found  on  moist,  low  places  at 
the  foot  of  dry,  sun-burned  rocks.    Of  possible  value  as  a  garden  perennial  in 
uncongenial  climates."    {Meyer.) 
31278.    Iris  sp.  Iiia. 

From  mountains  near  Ta-si-ku,  Ili  Valley,  Chineee  Turkestan.  Altitude, 
4,500  feet.  "(No.  984,  April  8,  1011.)  An  iris  found  on  the  southern  slopes  of 
clayey  mountains,  E*robably  dies  off  early  in  the  season  like  spring  bulbs. 
Perhaps  of  value  as  a  spring-flowering  perennial  in  the  northern  sections  of  the 
United  States."  (Meyer.) 
31S70.    Malus  sp.  Apple. 

Prom  hamlet  of  Choug  Djigbilan,  Tien  Shan  Range,  Chinese  Turkestan. 
Altitude,  3,700  feet.  "(No.  1588a,  March  18,  1911.)  A  wild  apple  found  in 
abundance  in  several  of  the  Tien  Shan  valleys.  Apparently  of  great  value  as 
a  factor  in  hybridization  work.  For  further  remarks  see  Noe.  30947,  30948,  and 
30949."  (Meyer.) 
31380.    Malub  sp.  Apple. 

From  Eulja,  Chineee  Turkestan.     "(No.   1589a,  March  25,  1911.)    Seed 
taken  from  dried,  sliced  apples  purchased  on  the  local  market.    Of  value  like 
the  preceding  numlfer."    (Ma/er.) 
31281.    Pbunus  asmeniaca  L.  Apricot. 

From  hamlet  of  Chong  Djighilan,  Tien  Shan  Range,  CUneee  Turkeetan. 
Altitude  3,700  feet.  "(No.  1590a,  March  IS,  1911.)  Obtained  from  a  Sart 
settler.  Wild  apricots  occur  plentifully  here  and  th«e  in  the  northern  Tien 
Shan  Rouge.    Foi  further  remarks  see  No.  90962."    (Meyer.) 


3vGoo^^lc 


80  SEEDS  AND  PLANTS  lUPOBTED. 

31976  to  31307— Continued. 

31382.  Ckataeoets  ep.  IbTthoru. 
From  valley  of  the  C%ong  Djigfailaa,  Tien  Sh&n  R&nge,  Chinese  Turicwtan. 

Altitude  3,800  feet.  "(No.  1691a,  March  18.  1911.)  A  varaety  fouad  along 
wsteicounea  in  thickets  and  as  solitary  specinienB."    ( Jfi^ar.) 

31383.  SoRBUs  ep.  Aah. 
From  near  Tdin-Kul,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  8,000 

feet.  "(No.  1592a,  Bfarch  10,  1911.)  A  so-called  mountain  aeh  louiul  in  cool 
and  shady  places  at  high  altitudes.  Grows  to  be  a  small  tree,  but  is  mostly 
Bean  bb  a  tall  shrub.  Poaaibly  of  value  aa  an  omamsotal  garden  and  park  tree 
in  regions  with  long  wintera  and  cool  summeiB."    ( Ueyer.) 

31384.  AHEI.4NCBIEK  ap. 

From  near  Schutte,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude  7,000 
feet.  "(No.  1593a,  March  10,  1911.)  A  shrub  found  on  stony  mountain  sides, 
often  in  the  Hhade  of  tall  trees.  Grows  from  3  to  6  feet  tall  and  bears  red  ber< 
ries.  Possibly  of  value  as  an  ornamental  garden  and  park  shrub  in  the  northern 
regions  of  the  United  States."    (Meyer.) 

31280.     COTONEABTEB  sp. 

Prom  near  Kara  Ti^,  Tekes  Valley,  Tien  Shan  Range,  Chinese  TurkesUn. 
AlUtude  4,000  feet.  "(No.  1694a,  Hatch  16,  1911.)  A  ^mib  occurring  in  a 
pebbly  bank  along  the  Tekes  River.  Of  robust,  dense  growth,  attaining  a 
height  of  5  to  8  feet.  Bears  blackiBh  red  beiriee  which  persist  a  long  time.  Of 
value  like  preceding  number."  (Meyer.) 
31386.    COTOHEAOTBR  sp. 

From  valley  of  the  Choi^  DjigjUlan,  Tien  Shan  Range,  Chinese  Turkestan. 
Altitude  3,700  feet.  "(No.  1595a,  March  IS,  1911.)  A  shrub  occurring  on 
rocky  elopes;  has  slender  branches  3  to  5  feet  in  length.  Apparently  very 
floriferous,  as  many  of  the  shrubs  were  still  covered  with  a  multitude  of  small' 
blackish  berries  at  the  time  of  collecting.  Of  value  possibly  like  preceding 
number."  (Meyer.) 
31287.    Besberib  sp.  Barbenx. 

From  Tchoa,  Tekes  Valley,  Tien  Shan  Range,  Chinese  Turkestan.  Altitude 
4,300  feet.  "(No.  159ea,  March  16,  1911.)  A  barberry  found  along  the  Tekes 
River  on  sandy,  slightly  moist  places.  Grows  from  6  to  10  feet  tall  and  becomes 
very  dense.  Ijoaves  entire,  somewhat  leathery;  berries  in  racemes,  small  and 
of  red  color.  The  natives  use  the  old  wood  and  root  stumps  to  manufacture  a 
yellow  dye.     Possibly  of  value  like  No.  31284."     (Meyer.) 

31388.  BsKBBHis  sp.  Barbany. 
From  near  TJre-Baehi,  Tekes  Valley,  Tien  Shan  Range,  Chinese  Turiceston. 

Altitude  4,800  feet.  "(No.  1597a,  March  15,  1911.)  A  robust-growing  species 
of  barberry,  occurring  on  stony  plocee  near  watercouiBes.  Produces  strong 
Sterne  8  to  10  feet  in  length.  Leaves  BmaU;  berries  large  and  apparently  of  a 
brownieb  color.  The  natives  use  the  stout  stems  ^t  fencing  material  and  in 
making  artistic  lattice  work  in  the  ceilings  of  their  dwellings.  Possibly  of 
value  Uke  No,  31284."    (Meyer.) 

31389.  Bkhberis  sp.  Barberry. 
From  near  Eaia  Tugai,  Tekes  Valley,  Tien  Shan  Range,  Chinese  Turkestan. 

Altitude  4,100  feet.  "(No.  1598a,  March  16,  1911.)  A  tall-growing  barberry 
occurring  in  a  pebbly  bank  along  the  Tekea  River.    Has  large  swrated  leaves 
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•nd  l<»ig,  blue  betriee  which  ore  borne  in  abundance  and  ara  peimatAnt.    Of 
onuunentol  habits  and  contest  with  lather  sterile  soila.    Of  value  like  No. 
31284."    (Meyer.) 
31200.    Haliuodemdkok  balodbndkok  (Pallss)  Von. 

From  near  UTe-Dalik,  Chinese  Turkestan.  "(No.  1599a,  February  14,  1911.) 
A  spiny  Golutealike  shrub  found  on  sandy  and  alkaline  places  in  deserts 
whvB  the  moisture  is  not  too  far  from  the  surface;  will  also  stand  soine  shade. 
Suitable  for  a  hedge  plant  in  regions  where  long,  hot,  and  dry  summerB  prevail 
and  where  the  winters  are  cold.  This  number  is  a  much  more  robust  foim  than 
the  one  sent  under  No.  30415."  ^Meger.) 
S1S91.    RoBA  sp.  Koae. 

From  valley  of  the  Chong  Djighilan,  Tien  Shan  Range,  Chineee  Turkestan. 
Altitude  3,500  feet.  "(No.  1600a,  March  19,  1911.)  A  wild  rose  growing  in 
semishady  places.  Has  tall,  slender  bnmchee  which  are  ^ligjitly  drooping; 
has  very  few  spines  and  to  judge  by  the  orange-ted  fruits  left  on  the  branches, 
must  be  very  floriferouB.  Of  value,  poffiibly,sBafactot  in  breeding  experiments 
to  create  hardier  and  more  floriferaus  roses  for  the  northern  sections  of  the 
United  States."  (Meyer.) 
81293.    Rosa  ap.  Bose. 

From  Kurgan,  Tien  Shan  Range,  Chinese  Turkestan.    Altitude  7,000  feet. 
"(No.  1601a,  March  5, 1911.)    A  wild  rose  found  in  a  very  stony  and  dry  bank. 
Of  use  perhaps  as  a  stock  in  dry,  cold  r^ons."    (Meyer.) 
31393.    Caixioonuu  ep. 

From  near  Schul-Kuduk,  Chinese  Turkestan.  "(No.  IflOSa,  February  21, ' 
1911.)  A  graceful-looking  small  desert  shrub,  having  a  multitude  of  slightly 
beat,  very  white  branches,  which  ie  from  2  to  4  feet  in  length.  Occuts  in 
deserts  ot  moving  nnds,  where  it  builds  smalt  mounds.  To  be  tested  for  its 
nnd-binding  capacities  in  the  dry  and  not  too  cold  sections  of  the  United 
States."  (Meyer.) 
31294.    CLnuTis  sp.  Cleouitla. 

From  near  Kisil-Bulak,  Tien  Shan  Range,  Chineee  Turkestan.    Altitude 
over  6,000  feet.    "(No.  1603a,  March  4,  I9I1.)    A  bushy  clematis,  occuning  on 
dry,  stony,  and  alkaline  places."     (Meyer.) 
31296.    iKia  sp.  Iris. 

From  near  Tuwan,  Tekes  Valley,  Tien  Shan  Range,  Chineee  Turkestan. 
Altitude  6,000  feet.     "(No.  1604a,  March  14,  1911.)    An  iris  found  on  moist 
low  places,  said  to  bear  blue  floweie.    RhiEomes  sent  imder  No.  3127T,  which 
number  see  for  further  remarks."    (Meyer.) 
81396.    Abpakaqdb  sp.  Aaparagru. 

From  near  Arwat,  Tien  Shan  Range,  Chinese  Turkeet&n.  Altitude  6,600 
feet.  "(No.  ie05a,  March  4,  1911.)  A  wild  asparagus  of  slightly  twining 
habits,  found  on  sandy  alkaline  soil.  Apparently  rare.  Possibly  of  value  as  an 
ornamental  garden  perramialandasafactor  in  breedingezperimenta."  (Meyer.) 
81S07.    AsrABAatTB  sp.  Aap&ragiu. 

From  Tchoa,  Tekee  Valley,  Tien  Bhan  Range,  Chineee  Turkeetan.    Altitude 
4,300  feet.    "(No.  1606a,  March  15,  1911.)    A  wild  a^Muagus  of  climbing 
habits.    Bhizomee  sent  under  No.   30953,   which  number  see  for  further 
remarks."    (Meyer.) 
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81398.    CncuMiB  kelo  L.  Kiukmeloiiu 

From  Maial-BaHhi,  Chineee  Turk«etan.  "(No.  leOTa,  Februuy  16,  1911.) 
A  very  fine  variety  of  winter  melon,  medium  large;  rind  greenish  brown;  fleab 
very  thick  and  of  pistache  color,  very  eweet  in  taste;  few  seeds.  To  be  tested 
in  sectiona  of  the  United  States  where  the  summeiB  are  hot  and  1<h^,  the  air 
dry,  and  where  the  aoil  is  <rf  a  friable,  slightly  sandy  nature  and  conlaine  a  fair 
percentage  of  alkaline  matter."  {Meyer.) 
SliSBB.    CucDinB  mblo  L.  Hnabuelon. 

From  Maial-Baahi,  Chmeee  TurkeBtan.     "(No.  1608a,  Pebniary  16,  1911.) 
A  fine  wiut«r  melon  called  Smii  Kizlik;  amall  in  size;  shape  round  oblong; 
rind  greenish  brown;  fle^  thick,  of  asalmon-red  color,  and  of  very  sweet  taste. 
To  be  t«eted  like  the  preceding  number."    {Meyer.) 
31300.    CccDXis  KELO  L.  Hnakmelon. 

From  Maral-Baehi,  Chinese  Turkeetan.  "(No.  1609a,  February  16,  1911.) 
A  very  fine  winter  melon  of  large  size;  oblong  in  shape;  rind  greenish  brown; 
fleah  of  a  light-aalmon  color  and  of  an  extraordinary  thickness;  taste  freeh 
Bweet,  with  a  slightly  saline  aftertaste  as  nearly  all  the  winter  melons  in  Chineee 
Turkestan  have.  To  be  tested  like  the  preceding  numbeiH."  [Meyer.) 
S1301.    Cuctjuis  HBLo  L.  Kuakmelon. 

From  Kashgar,  Chinese  Turkestan.  "(No.  1610a,  February  3,  1911.)  A 
Bommer  melon  called  Ah-Kakdii,  of  small  size,  round  shape,  and  having  white 
meat  of  very  sweet  taate.  Said  to  be  early.  To  be  tested  like  preceding  num- 
bers."    {Meyer.) 

31305.  CucuKis  UELoL.  Hoakmelon. 
From  Kashgar,   Chinese  Turkestan.     "(No.   ISlla,   February  3,   1911.)    A 

summer  melon  called  Kok-Kokehi;  of  small  size  and  round  shape;  rind  and 
meat  both  groen  in  color,  the  ktter  very  sweet  and  melting.  Said  to  be  eariy. 
To  be  tested  like  preceding  numbers."     {Meyer.) 

31303.  Medicaoo  ?am;4Ta  L. 

From  valley  of  the  Chong  Djighilan,  Tien  Shan  Range,  Chinese  Turkestan. 
Altitude  3,700  feet.  "(No.  1612a,  March  IS,  1911.)  A  wild  yellow-flowered 
alfalfa.  Roots  sent  under  No.  30955,  which  number  see  for  furtiker  remarks." 
{Meyv.) 

31304.  Medicaoo  sauva  L.  AUaUft. 
From  Lou  Tchao  Eu,  lli  Valley,  Chineee  Turkeetan.    "(No.  1613a,  April  9, 

1911.)    A  wUd  alfalfa."    {Meyer.) 

81306.    Medicaoo  sp.  AUolfft. 

From  near  Eurre,  Tien  Shan  Range,  Chineee  Turkeetan.  Altitude  7,000 
feet.  "(No.  iei4a,  March  13,  1911.)  A  wUd  alfalfa.  Roots  sent  under  No. 
30954,  which  number  see  for  further  rematka."    {Meyer.) 

31306.  ViciA  sp.  Vetch. 
From  Kurre,  Tien  Shan  Range,  Chineee  Turkestan.    Altitude  7,100  feet. 

"(No.  1615a,  March  13,  1911.)  A  vetch  found  in  wild  harreeted  hay,  con- 
sidered by  the  natives  to  be  a  very  nubritious  food  lor  cattle,  but  especially 
good  for  hones.  To  be  teeted  for  its  possible  fodder  value  in  the  northern  sec- 
tious  of  the  United  States."    {Meyer.) 
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31307.    Pbabbolds  vulgabis  L.  fieau. 

Fmm  Suiling,  lli  Valley,  Chinese  TurkeataD.  Altitude  2,400  feet.  "(No. 
161Ga,  April  9,  1911.)  An  uncommon  variety  of  garden  bean,  probabljr  has 
been  brought  in  fromKansu.  To  be  leeted  in  cool,  elevat«d  regions  aa  a  garden 
vegetable."    (Meyer.) 

31308.  CicEB  ABiETiNuu  L.  CMck-pea, 

From  Guadalajara,  Mexico.  Presented  by  Mr.  Samuel  E.  Magill,  American  con- 
sul. Received  June  13,  1911. 
"Qarhanxa  Btpanola.  Thie  crop  ia  grown  without  irrigation;  about  100  kilos  (220.46 
Ibe.)  of  seed  is  used  for  every  6)  acree  and  ie  planted  in  rows;  crop  is  not  cultivated, 
nor  is  machinery  of  any  kind  used  at  any  time.  There  is  no  preparation  of  the  pea 
for  human  consumption  other  than  to  screen  out  the  largcet.  As  die  pes  is  very  hard 
it  must  be  ground  or  boiled  for  a  long  time  for  soup  before  it  can  be  eaten.  The  email 
peas  not  marketable  for  export  are  fed  to  \xo^,  and  the  pods  and  leaves  sre  fed  to  milch 
cowB.  PracticaUy  all  of  the  large  peae  are  exported  to  Spain  and  Cuba.  Recently, 
bowev^,  there  has  been  a  demand  for  them  in  the  United  Statee.  The  wet  season 
is  between  June  and  October,  and  the  dry  season  from  October  to  June.  There  ia 
no  known  insect  that  interferes  with  the  growth  of  the  plant  or  the  maturing  of  the 
pea."    (Jfoyiii.) 

31309.  Klephantorbhiza  elephantina  (Burch.)  Skeels. 

From  Springbok  Flats,  Waterbrag  District,  Tiansvaal,  South  Africa.    Presented 
by  Prof.  J.  Burtt  Davy,  Government  agrostoli^iat  and  botanist,  Departmentof 
Agriculture,  Pretoria,  South  Africa.     Received  June  14,  ISll. 
See  No.  25941  for  description. 

81310.  Annoxa  cheeimola  Miller.  Cherimoya. 
From  Peru.    Presented  by  Mr,  Geo.  W.  Baird,  Washington,  D.  C.    Received 

June  16, 1911. 
Mr.  Baird  saya  these  seeds  are  from  the  best  variety  he  ever  ate. 

81311.  Mauritia  flexuosa  L.  f.  Mlrity. 
From  Brazil.    Presented  by  Mr.  Walter  Fischer,  acting  director,  Campo  de  Cul- 

tura  Experimental  Paraense,  Para,  Brazil.    Received  June  IT,  1911. 

"WhatWallacesaysof  the  fruits  (see  Bailey's  Cyclopedia  of  American  Horticulture, 
p.  904)  is  certainly  true;  I  estimated  the  number  of  fruits  on  the  compound  spadices 
ae  high  as  500,  and  I  was  told  that  I  never  saw  the  largest.  These  palms  are  a  very 
conspicuous  feature  along  the  Maju  River,  whence  I  brought  the  seeda,  I  understand 
that  the  seeda  were  once,  i.e.,  before  the  days  of  rubber,  quite  largely  exported  for 
making  buttons.    This  ia  one  of  the  ao-called  ivory  nuts."    {Fitcher.) 

"This  is  a  magnificent  palm,  its  cylindrical  stems  rising  like  Grecian  columns  to  a 
height  of  100  to  150  feet,  t^minated  by  a  crown  of  large  fan-shaped  leaves,  from  the 
base  of  which  ia  produced  a  big  bunch  of  pendulous  fruits,  some  measuring  8  to  10  feet 
in  length,  weighing  200  to  300  pounds  and  containing  several  bushels  of  fruit.  Each 
fruit  is  about  the  rise  of  a  small  apple,  having  a  reticulated,  polished,  smooth  shell." 
(5milA,  Diettonary  of  Popular  Noma  of  Planti. ) 

Ditlribution. ^la  low  woods  in  the  northeastern  part  of  South  America,  extending 
from  Dutch  Guiana  southeastward  to  the  lower  valley  of  the  Amazon. 
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31313  and  31313.     Anacabditjm  occidentai.e  L.  Cashew. 
From  Baflgein,  India.    Freeented  by  the  cantor  of  the  BoUnical  Gardena  of  the 

Experimenbd  Farm.    Received  Ihrough  Mr.  Edwin  S.  Cunningham,  American 

consul,  Bombay,  India,  June  12,  1911. 
Seeds  of  the  following: 

31312.    Red  variety  31313.    Yellow  variety. 

"In  transmiasion  the  curator  atatee  "The  plant  likee  perfect  drainage.  Any  sandy 
soil  with  few  gravels,  pebbles,  etc.,  suite  the  plant  to  grow.  In  their  natural  state 
they  ate  seen  growing  on  email  hills.  The  root  is  tapering  and  doee  not  stand  trans- 
planting like  Landolphias,  unlees  very  carefully  attended  to.  I  have  seen  plants 
bearing  fruit  right  from  the  Equator  to  23°  N.  up  to  an  elevation  of  3,000  feet.'  " 
(Cunningham.) 

31314  to  31316. 

Prom  Tunis.    PFeaeat«d  by  Ur.  Frank  Edward  Johnscm,  Wauiegan  House, 
Norwich,  Conn.    Received  June  12, 1911. 
Seeds  of  the  foliowing;  quoted  notee  by  Mr.  Jcdmsoo: 

31314.    HoRDEUu  vuLGARE  L.  BarlejT. 

"Orge  (barley)  grown  on  the  hiile  around  Matmata,  southern  Tunis,  in  dry 
atul.    Very  little  lain  in  winter;  nonein  spring  or  summer." 

81315.  TamcuH  durum  Deaf.  Wheat. 
"Wheat  picked  in  the  la^e  oasia  near  Gabee.    Plenty  of  irrigation." 

81316.  TsmcuK  sp.  Wheat. 
"Native  Aiab  wheat  (almost  black  when  ripe)  picked  by  myself  at  Matmata. 

Dry  soil.    No  water." 

31317.    Erttbrina  pogppioiana  (Walp.)     Skeels.  Bucare, 

(Micropteryx  potppiffiarM  Walp.,  Linnaea,  vol.  23,  1851,  p.  740.) 
(Erythrma  mieropteiyx  Poepp.;    Urban,   Symbolao  Antillanae,  vol.  1,  1899, 
p.  327.) 
The  seeds  of  this  Peruvian  leguminous  tree  were  received  from  Porto  Rico  under 
the  name  ErytitriTia  mieropUryx.    This  name  was  applied  to  the  speciea  by  Po^ppig  ob 
a  herbarium  specimen,  but  apparently  was  not  formally  published  until  1899,  when 
Urban  applied  it  to  the  plant.    But  in  1851  Walpers  had  published  the  name  Mierop- 
Uryx  poeppigiana,  based  on  Pixppig's  specimen  of  Erythrina  TnuTopteryx;  and,  potp- 
pigiana  beii%  the  earliest  published  specific  name,  it  is  here  restored  in  occmdance 
with  the  present  rules  of  botanical  nomenclature. 

I^Yom  Mayaguez,  Farto  Rico.    Received  through  Mr,  D.  W.  May,  special  agent 
In  charge,  Porto  Rico  A^cultural  Experiment  Station.    Received  June  16, 
1911. 
"A  leguminous  tree  of  15  to  20  motors  (50  to  65  ft.)  beset  with  short,  conical  spines; 
floweie  red.    Cultivated  as  a  shade  tree  for  co&ee  and  reported  from  numerous  locali- 
ties in  Porto  Rico.    It  is  native  of  the  lower  Andes  of  Peru."    (CocA  and  Collin*, 
Economxc  PlanU  of  Porto  Rico,  1903,  p.  1S9.) 

31318  to  31330.     Colocasia  spp.  Dasheen. 

From  Tientai,  via  Ningpo,  China.    Preeented  by  Mrs.  A.  0.  Looeley,  China 
lolaod  Mission.    Received  June  13,  1911. 
TubeiB  of  the  following: 
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81818  to  31890— Continued. 

8131S.  "The  tubers  of  this  variety,  wheik  cooked,  ate  dry  and  mealy  and 
are  rather  whiter  than  the  Yii^na  variety.  The  leafetalk  u  referred  to  by  the 
duneee  as  white."    (LootUy.) 

"The  tubers  are  nouacrid  whoa  raw.  The  fleeh  and  sprouts  are  white. 
When  cooked  the  flesh  is  of  fair  flavor."  (R.  A.  Young.) 
81319.  "The  tubers  of  this  variety  when  cooked  are  white  at  the  heart  and 
purplish  colored  outeide.  They  are  stocky  and  moist.  The  leafstalk  ia 
tilled  Tu-na  (black).  This  variety  must  be  grown  deep  in  damp  soil  (not 
water),  and  llie  cMlh  should  be  kept  banked  up.  In  dry  weather  tliey 
should  be  watered."    {Loo»Uy.) 

"The  tubeiB  are  nonacrid  when  raw.    The  flesh  and  BiHvuts  are  white. 
When  cooked  the  tuben  are  lacking  in  flavor."    (R,  A,  Young.) 
SlSaO.    "Tuber  pink  sprouted,"    {R.  A.  Young.) 

ZVSiX  to  31323.     Trifolium  lupinaster  L.  Lupine  doTer. 

Prom  Russia.    Received  through  Prof.  N,  E.  Hansen,  South  Dakota  Agricultural 
Experiment  Station,  Brookings,  8.  Dak.,  May  20,  1910.    Numbered  June  17, 
1911. 
Seeds  of  the  following;  notes  by  Prof.  Hansen: 

31331.  "(B.  No,  285).  The  same  as  No.  28313.  This  is  selection  No.  2, 
the  third  generation  from  one  plant;  very  tall,  without  branches,  but  many 
stems;  stems  woody," 

31899.  "(H.  No,  286.)  The  seme  aa  No.  28313,  This  is  selection  No.  3,  the 
third  generation  from  one  plant;  plant  tall,  with  single  stems  and  abundance 
of  large  leaves." 

31393.  "(H.  No.  287.)  The  iwne  as  No.  28313,  This  is  selection  No.  4. 
Hie  main  endeavor  with  this  speciee  is  to  improve  the  plant  in  size  and  num- 
ber of  leaves.  This  species  of  clover  is  very  widely  distributed  throu^out 
Siberia,  ranging  to  north  of  the  Arctic  Circle.  It  is  considered  a  valuable 
plant  on  the  native  st^ick  ranges," 

31326.     CiTEUS  DECUMANA  (L.)  Murr.  Pomelo. 

Prom  Sehaninpur,  India.    Presented  by  Mr.  William  Gollan,  February  25,  1904, 

who  was  the  superintendent  of  the  Botanic  Gardens.    Numbered  June  21, 1911. 

"This  plant  is  from  one  of  six  scions  that  were  received  by  the  Office  of  Pomology. 

The  scions  were  said  to  comprise  three  of  the  beet  pomelos  of  India.    Nothing  more 

definite  than  this  ia  known  regarding  the  variety  of  this  tree."    (A.  A.  Young.) 

31326.    Mauritia  setiqera  Griseb.  and  Wendl. 

From  La  Brea,  Trinidad,  British  West  Indies.    Presented  by  Mr.  W.  G.  Freeman, 
Acting  Director  of  Agriculture,  Port  of  S[>ain,  Trinidad.    Received  June  21, 
Iflll. 
DUtiihiiion. — A  gr^arious  palm,  forming  the  greater  part  of  the  vegetation  in  the 
swampy  parts  of  the  island  of  Trinidad. 

31387.    Ipouoea  batatas  (L.)  Poir.  Sweet  potato. 

From  Auckland,  New  Zealand.    Purchased  from  Rev.  J.  H.  Simmonds,  through 
"     ~   ~       '  --       -    -  Received  at  the 
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31328.    Eugenia  dohbeti  (Sprengel)  Skeels.  Orumichi 

Fn>m  Rio  de  Janeiio,  Bnzil.    Freeentod  by  lb.  A.  A.  Peraira  da  Fonsect.    Re- 
ceived June  23,  1911. 
See  No.  SOOM  for  previoua  iatroduction. 
31389.    CoLOOAsiA  sp.  D&aheen. 

From  Mukden,  Manchuria.    Presented  by  Hr.  E.  C.  Puker,  Bureau  of  Agricul- 
ture, Indwtty,  and  Commerce.    Received  June  21, 1911. 
"The  tubers  are  similar  in  general  diancter  to  the  usual  Japanese  type  of  dasheen. 
The  flesh  is  nonacrid  when  raw  and  when  cooked  is  rather  firm  in  texture  and  whitish, 
but  has  little  flavor."    (R.  A.  Young.) 

81330  to  31362. 

From  Tcharjui,  Russian  Turkestan.    Presented  by  Mr.  V.  A.  Faletsky,  at  the 
request  of  Hr.  Frank  N.  Heyer,  agricultural  explorer.    Received  tiirough 
Alexander  Eeingartner,  American  consul,  Batum,  Rusia,  Juae2Iand  22,  ISll. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Faletsky: 
3I3S0.    Amhodbmdrok  conollti  Bunge. 

"Collected  on  drift  sands  at  Repetek,  near  Tcharjui,  Ruwian  Turkestan.    A 
sand  binder." 

Dutr^nition.—A  silvery  leaved  shrub  growing  on  the  shifting  sands  of  Qie 
Kizil-Kum  Desert  near  the  Aral  Sea  in  central  Turkestan. 

31331.      CALUOONtJH   CAPin-MBDIIBAB   SchlOnk. 

"Found  on  the  drift  sands  near  the  railway  at  Farad,  near  Tcharjui." 
See  No,  2S974  for  description. 

31832.  Haloxtlon  amhodkmdhon  (C.  A.  Ue}-er}  Bunge.  SaxauL 
"Collected  on  drift  sands  at  Repetek,  near  Tdtarjui." 

See  No.  28976  for  description. 

31833.  Mbdicaod  sattva  L.  Alfftlte. 

31834.  Salbola  arbuscdla  Pallas. 

"Native  throughout  Circania.    Collected  on  drift  sands  at  Farad  railway 
station." 


See  No.  28973  tor  deecriptioo. 
81336  to  313S2.    CncuHis  kbl 

O  L. 

From  the  Tcharjui  dunes. 
31336.    AhBahtt. 

81337.    A*yit. 
31338.    Emirihiia. 

S133B. 

Gotcha. 

S1840. 

Gttlota. 

81841. 

KarahUuik. 

81342. 

dunes. 

Khoddja  M<ira»h,  i 

in  taste 

81843. 

Kjfami. 

81844. 

Meg^A. 

B  of  the  best  from  the  Tcharjui 
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31330  to  S136:»~Contiiiued. 

8188B  to  a  ISBS— Continued. 
8134B.     Riri(hdtik. 

81846.  Sarabi. 

81847.  ZagmkeA. 

81848.  Zami  BwAantaia. 
81840.    ZamiDdami  Trgmdti. 
81860.    Zami,  email,  euly. 

81851.    Zarakxgiia,  with  fragnuit  eweet  juice. 

31852.    Vat   gJI   qiulitiee   one  of   the  beat  of  the  Tcharjui  dunes. 
Exported  very  largely  into  European  Runia.    Keeps  until  April. 

S1353.      GONOCITBUB  ANOULATCB  CWUld.)  Kuiz. 

From  BuitenzMg,  Java.    Freeented  by  tbe  diiectoi.  Department  of  ^ricuiture. 
Received  June  22,  1911. 
DiitribulMn. — In  marshy  places  on  Qie  island  of  Eambangan  near  the  southern 
coast  of  Java. 

31354.    Mangifera  hacbocabfa  Blume. 

From  Buitencofg,  Java.    Prawnted  by  the  director.  Department  of  J^7icultuf«. 
Received  June  \b,  1911. 
Introduced  fw  the  work  of  this  office  in  testing  new  and  hardier  stocks  for  the  mango. 
DiitrSmlion. — Known  only  from  the  island  of  Java. 

S1366  to  31368. 

From  Taihoku,  Fwrnosa.    Prwented  by  Ur.  G.  Takata,  Chief  of  Bureau  of 
Industry,  PormasanGovenimeiit,  at  the  request  of  Ur.  K.  Haga,  expert,  Bureau 
U  Industry.     Received  Uay  10,  1911. 
Cuttings  of  the  following: 

31365.    Vrna  vinifbra  L.  Onpe. 

Tbeee  are  reported  to  be  from  vines  bearing  fruit  of  unusually  high  quality 
for  tropical  grapes. 
31350  to  31358.    Citrub  spp. 

81356.    PonJtaa.  '  3J3S8.     Tanhm. 

31857.    SMam. 

31368.     PsmnjH  qcajata  L.  Oiiava. 

From  Paraguay.    Presented  by  Mr.  C.  F.  Head,  Villa  Encamacion.    Received 

June  22,  1911. 

"A  native  of  South  America  and  cultivated  from  Buenos  Aires  to  Mexico.    In 

Paraguay  it  grows  wild  in  great  profusion.    Will  resist  cold  to  the  same  degree  as 

orangee."    {Mead.) 

31360.    Castilla  lactiflda  O.  F.  Cook. 

Central  Aznerf  can  rubber. 


Diitnlnitiem. — The  r^on  in  the  southern  part  of  Mexico  in  the  vicinity  of  Soctmusco 
ftnd  Tapachula. 
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31361.  Febsba  AMERICANA  Miller.  Avocado. 
From  Chile.    Received  thioi^h  Idr.  Jaei  D.  Htubands,  LiniAvidft,  C!hile,  June  28, 

1911. 

' '  Thei«  aie  two  and  perhape  three  claasee  im  this  lot,  having  green  and  black-purple 
akine  like  some  eggplants.  They  are  very  highly  esteemed  and  very  expensive. 
These  cost  me  K  per  dozen,  Chile  money,  or  S3  gold.  They  find  a  ready  sale  at  these 
high  prices.  May  be  shipped  whea  nearly  ripe  and  ripen  upon  the  joumey  or  after- 
wards. I  purchased  these,  and  the  friend  who  sent  them  ate  the  fruit  for  hia  trouble. 
They  are  delicious  eaten  with  salt  and  pepper  and  as  a  salad  for  breakfast,  lunch, 
dinner,  or  at  any  time.    Liked  better  than  olives. 

"Up  to  the  year  1B54  poltae  were  not  considered  a  comestible  fruit  and  in  no  way 
appreciated  except  as  an  ornamental  tree.  The  black  paltas  of  Quillota  were  con- 
sidered unfit  for  food  for  many  years  afterwards,  but  now  the  variety  is  held  in  the 
highest  esteem.  It  is  believed  to  have  originated  irom  accidental  croseing  in  the 
gardens  of  Quillota  with  wild  Peruvian  varieties.  In  the  Btetion  oi  this  city  one  seee 
paltas  offered  tor  sale  of  many  colors,  sizes,  and  shapes:  Green,  brown,  red,  russet, 
etc."     (Husbandi.) 

31362.  Dyeba  C08TULATA  (Miq.)  Hook.  f. 

From  Lawang,  Java.    Pre8ent«d  by  Mr.  M.  Buysman,  Botanic  Garden.    Received 

June  19,  1911. 

"A  Sumatra  tree,  which  produces  a  surrogate  for  caoutchouc.    A  company  for  the 

manufacture  of  articles  of  this  gum  is  to  be  formed  at  Surabaya  with  a  capital  of  several 

million  flcrins."    (Bwgtman.) 

DiitT^niiion. — An  apocynaceoua  tree  found  in  Sumatra  and  other  Blalayan  islands. 

31363.  DoLicHos  lablab  L.  BonaTist  bean. 
From  Paris,  France.    Purchased  from  Vilnusin-Andneux  &  Go.    Received  Juno 

27,  1611. 
Stringleet. 
31366.     (Undetermined.)  KUfy. 

From  Liberia,  Africa.    Procured  from  Mr.  Henry  Stewart  through  Mr.  G.  K. 
Collins.    Received  June  23, 1911. 
"A  cucurbitaceous  plant.    The  seeds  of  this  plant  when  parched  and  ground 
produce  a  delicious  condiment.    KiSy  seed  is  an  important  ingredient  in  the  popular 
Liberian  dish  dumboy.    The  flavor  of  the  parched  seed  is  similur  t«  that  of  the  parched 
seeds  of  Setamum  indic\im  which  are  used  in  the  same  way  by  the  natives  of  Liberia. 
"The  gouidlike  Eruite,  about  the  size  and  Bhape  of  a  goose  ^g,  are  produced  on 
vines  like  the  ivdinary  gourd.    The  method  of  securing  the  seeds  practiced  by  the 
Liberians  is  to  macerate  the  fruits  in  water  and  wash  them  free  from  the  pulp.    The 
season  required  for  maturing  the  fruit  is  probably  too  long  te  permit  the  plant  being 
grown  anywhere  in  this  country  except  in  the  extreme  South."    (Collin*.) 

31366.     Eugenia  sp. 

From  Paraguay.  Presented  by  Mr.  C.  F.  Mead,  Villa  Eucamacion.  Received 
June  28, 1911. 
"This  is  called  in  Guarany  ifangapiri.  Fruit  found  in  the  mountains  of  Paraguay. 
In  size  and  col(»  same  as  Iday  IHike  cherry;  tree  also  grows  to  the  same  hei^t  and 
shape  as  the  one  producing  this  fruit;  contains  from  1  t«  3  seeds  and  has  a  button 
on  the  bottom  similar  to  the  quince.  It  is  beautiful  to  look  at,  but  the  taste  is  nothing 
wonderful  acceding  to  my  palate.  Tn%  is  found  only  inside  of  the  forest  in  shade, 
eo  it  can  not  be  very  resistant  to  frost."    (Mead.) 
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81367.     Phobhiuh  tenax  Forst.  New  Zealand  flax. 

From  Gotb,  South  laUnd,  New  ISealand.     Presented  by  Mrs,  Alexander  Graham 
Bell.     Received  May  8,  1911. 

31368  and  31369.     Tbtticuh  abstiyuu  L.  Wheat. 

From  the  Hoggar  K^on,  Algeria.    Preeested  by  Dr.  L.  Trabut,  Algiers,  Algeria. 
Received  June  28,  1911. 
Seedi  of  the  folIoiriDg;  quot«d  ootet  by  Dr.  Trabut: 
31368.    "Wheat,  stiffly  barbed." 
81368.    "Wheat,  stiffly  one-half  barbed." 
'"niis  wheat  was  received  from  esaimg  the  Hoggar  Tuaregs.    It  is  cultivated  with 
the  aid  of  irrigation  and  in  very  soft  places." 

81370.    Capbiola  daottlon  (L.)  Euntze.  Bermuda  grass. 

From  Lacknow,  India.    Freeented  by  Mr.  H.  J.  Davis,  superintendent,  Govern' 
ment  Horticultunl  Gardens,  at  the  request  of  Rev.  N.  L.  Rockey,  Gonda, 
Unit«d  Provinces.    Received  June  28, 1911. 
Native  name  Doob  grass. 

242 
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30tt6.  SPONDiAa  CTTHEEEA  SoQiierat. 

30498.  Wabneoia  auqusta  Stickmaa. 

30662.  Alhagi  fsbudai^hagi  (Bieb.)  Desv. 

30721.  Vigna  sinensis  (Tomer)  Savi. 

30742.  Anaoabdiuh  excelsuh  (Bertero  and  Balbis)  Skeels. 

30768.  ScHizoNorns  aitchisoni  (Hemsl.)  Skeela. 

30761.  Cajuputi  htpbbicifolia  (Salisb.)  SkeeU. 

30796.  Cajtjputi  fubesoens  (Schauer)  Skeela. 

30993.  CmoiNNua  cibcinatus  nuuhulabius  (DC.)  Skeels. 

31116.  Phttelephas  sebhanni  O.  F.  Cook.  n.  sp. 

31344.  Bebbebis  japonica  bealei  (Fortune)  Skeels. 

31317.  EBrrHBiNA  foeppiqiana  (Walp.)  Skeels. 
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Aeaeie  eaaia,  30776. 
q/elopt,  30777. 
haiwide$,  30T7B. 
kptoclada.  30779. 
longt/olia,  30780. 
ttm^olia,  30781. 
pennintrvit,  30782. 
ipeetabilis,  30763. 
Aeer  diabolicvm,  30844. 
intiffw,  30532, 
iodim,  30533. 
traulvtlUTi,  30531. 
uhiTwtdumM,  30845. 
Adniki  bom.    See  Bean,  ftdsuld. 
Agali  grandiJloTa,  30868. 
Agropjfron  aeutwn,  30665. 

«6wwuni,  31071. 
AgroHvamina,  30S21. 
Akala  berry.    See  RuJnu  maemei. 
Aiebia  lobala,  30856. 
XllaJSa.,  ChineK  (Soutb  Africa),  30504. 

(Chinese      Tnikestan),      30954, 

31304,31305. 
(India),  30738. 
(Palestine),  30622,  30623. 
(RuBsia),    30712,    30629,    30830, 

31000. 
(Ru»ian  Turkestan),  31333. 
Algarobs.    See  Protopi*  jui^fioTa. 
AOiaffi  pteudaUiagi,  30662. 
Alpmia  mtUica,  30816. 
Amelandiier  6p.,  31284. 
Ammoderubvn  eonolb/i,  31330. 
Amggdalu*  sp.,  30482. 

budiarka,  30975. 
pertiea  Txetiiaina,  30647,30648. 
AnaeardnaA  exeeltum,  30742. 

oeeidentaU,  31312,  31313. 
Andropogon  idioenarUhv*,  30672. 
Annona  ep.,  30486. 

dierimola,  31310. 
tenegaUntU,  30835. 
Apoqpium  hmdertoni,  30501,  30602. 
ven£tum,  30637,  30638. 


Apple  (Cbineee  Turkeatan),  30635,  30946 

to  30951,  31279,  31280. 
Apridot  (Chinese    Turkestan),    30628    to 

90632,  30634,  30644  to  30646, 

30952,  31281. 
Mammoth  (China),  30463. 
See  abo  Prunu«  armeniaea. 
Aia^a.    See  Ftidium  arofa. 
AraehU  hypogaxa,  30717. 
Aiaujia  teridfera,  30585. 
Aiayan.     See  Myrtmarayan. 
Arraeaeia  TonAonhiaa,  30493,  31273. 
Ash  (Chinese  Turkestan),  30652,  30942. 
mountain  (Chinese  Turkestan),  31283. 
See  also  PraximiM  exeeltior. 
Aapangaa  (Chinese  Tiirkealan),   30659, 

30953,31296,31297. 
Ajparaguiapp.,  30659,  30953,  31296,  31297. 

acuti/olwu.  31241. 

cooperi,  31242. 

criiput,  30SIS,  31243. 

AofeAm.  31274. 

offieinalU,  30976. 

Mcandaii  defieeia,  30819. 
Aapen.    See  Popului  tremula. 
Axtragalus  brachycarpiu,  30557. 

eephaloU»,  30556. 

mtdatM,  30647. 

daui/oliiu,  30550. 

fakanu.  305S4. 

gaUg^ormii,  30552. 

hamotui,  30548. 

moilw,  30551. 

langtiinolentut,  30656. 

tdtahnidmni,  30553. 

vieiaefohu*,  30549. 
Avocado  (Chile).  31361. 
See  also  Ferua  op. 

Banana  (Paraguay),  30828,  31206. 
Barberry    (ChineM    Turkeetan),    30650, 
30661,  31287  to  31289. 
(England),  30769. 
(Japan),  30846. 
(Scotland).  30753. 
See  also  Berberit  epp. 

SI 
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Barley  (China),  31105. 

(Chinese  Turkestan),  30670. 
hull-lese  (Asia),  30600. 

(Australia).  31112. 
(China),  31100. 
(India),  30842. 
Nepaul,  30505. 
(Tunis),  31314. 
See  also  Bordaim  Bp. 
Basil,  sweet.    See  Oeymum  boMieam. 
Bavhima  acuminata,  30714. 
Bean,  31307. 

adsuki,  30731  to  30733. 
Bonavist,  strii^leie,  31363. 
rastor.    See  Rxeinut  oommunit. 
(Chineaa  Turkestan),  31307. 
mung,  30748. 
soy.    See  Soy  bean. 
See  also  PhaieahM  epp. 
Beech,  Caucasian.    See  Faffu*  orimtalix. 
Beet.    See  £«ta  milgarU. 
Berherw  spp.,  30650,  30651, 312S7  to 31289. 
globaaa,  31245. 
guimptli,  31246. 
japoniea  bealH,  31244. 
kortana,  30846. 
lyeium,,  30769. 
ttenofkyOa,  30770. 
virtMcm!,  30753. 
Berry,  akaJa.     See  Ruinia  macron. 

BOBp.     See  Sapindu*B-p. 
Beieeem.    See  TrifoliuTn  alexandrinuin. 
Btta  patdiaru,  30977. 

wilffo™,  30978. 
Betoom.    See  Piitada  allantiea. 
Brtufasp.,  30979. 

Tuifui,  30811,  30812. 
Birch.     See  BetiiJa  spp. 
Bladder  nut.     See  StaphyUa  pinrtala. 
Bcttle-bruah  teft-tree.    See   Cajuputi  eri- 

Broom,  Spanish.    Bee  Sparteum  junceum. 
Bucare.    See  Erythrina  pmppigiana. 
Buckthorn.    See  Shammu  spp. 
Buckwheat.    See  Fagopynim  vidgare. 
Btiddltia  atbifiora,  307&4,  30804. 

frroatJtennt,  31247. 

globota,  31248. 

kermUyana,  30S05. 

madagfacarienns,  31249. 

variabilis,  30806. 


Cattalpima  peclmata,  30475. 
Cajan  indicum,  30734,  30735. 
Cajupiiti  erici/olia,  30793. 

kgperidfolia,  30761,  30794. 

pubetetTU,  30796. 
Cattigowim  ap.,  30660,  31293. 

taput^^ntdumt,  31331. 
earners  thorn.    See  AUmgi  pieudaStagi. 
Cmutvaliap.,  30967. 

tttrgidum,  30879. 
Canrutbis  lativa,  30503. 
CanthoTogpemiian  tcarabtuoideum,  30713. 
Cape  jasmine.    See  Wamena  auguMa. 
Capriola  dactylon,  31370. 


Cangaina  spp.,  30654,  30656,  30938. 
arhmaetnt,  30784,  30785. 
gnmdifiora,  30546. 
Caraway.    See  Carum  earvi. 
Cariea  papaya,  31109,  31110. 

querei/olia,  30586. 
Carina  oaala,  31111. 
Carob,  Casuda,  30915. 

hermaphrodite,  30919,  30968. 

Matalafera,  30914. 

red-flowered  male,  30916. 

Boya  vera,  30918,  30920. 

(Spain),  30914  to  30920. 

yellow-flowered  male,  30917. 
See  also  Ceratonia  liliqua. 
Carum  com,  30796. 
Caryocar  villotum,  31204. 
Cashew,     See  AnacoTdiutii  occidental. 
Caxlalia  alba,  30524. 
Caatanra  erenala,  31094. 
Ciutilla  spp.,  31193,  31226. 
lactijliia,  31360, 
panom^njTut,  30514. 
Caator  bean.    See  Ricintu  eommunit, 
Caucasian  walnut.    See  PUrotarya  finxi- 

nifolia. 
CeanoOtut  veildaantt*,  30774. 
Ccllit  eawxuiea,  30575. 
Ceratonia  Mxliqua,  30914  to  30920,  30968, 

31251. 
Cereidiphyllwnjaponieum,  30848. 
Chaetodtloajlava,  30730. 
ChoyoUi  eduli*,  30462. 
Cbayote,  laige  green  (Algeria),  30462. 
Chenopodium  qainoa,  31240. 
Cherimoya.    See  Annona  therimola. 
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Chem-,  bush,  30564. 

flowering.    S«e    Frumu    ptetuio- 

laureJ.    See  Laurocemui  offidn- 

See  also  Pruntu  nuEracar'pa. 
CheetDuC,  Aomori,  310M. 
Chick-pea  (Mexico),  30708,  31308. 
Ckrytanthennan  eoedneum.  31103. 
manduillii,  31227. 
Cicer  anelinum,  30708,  31308. 
Cinchona  ep.,  30704. 

offici-natis,  30706. 
mednibra,  30706. 
areinmu  eircinatut  nummulariut,  30093. 
Citrullut  vulgarit.  30039,  30884,  30S90. 
Citnuapp.,  30605,  30674,  30837,  31223, 
31366  to  31S58. 
atinmlntm  nnen»i»,  31214,  31218  to 

31220,  31252,  31253. 
deeumana,    30SSS,    31213,    31221, 

31222,  31254,  31325. 
liijuUa,  30620,  31211,  31212,  31216, 

31217. 
limonum,  3Cn37,  31210,  31215. 
Clautxna  Umnum,  31203. 
CUmatii  Bp.,  31294. 

graveoUru,  307SS. 
heradMefolia,  30766. 
iaUgrifoKa,  30767. 

X  vitialla,  30764. 
recfa,  3076S. 
CUrodendrwn  trieoloinw,in,  30867. 
Cltthra  arharta,  30759. 
Clover,  golden.    See  Trifolium.  agrariinn. 
Hungariaa.     See  Trifolium  pan- 


lupine.  See  Trifolium  Ivpinaater. 
rabbit-toot.     See    Trifolium  or- 

led,  Leighton's  Inherited  Perma- 
nent, 30881. 

Perm,  30910. 

See  also  Trifolium  pratertte. 
(RuMia),  30640-30642. 
EUckling.     Soe     Trifolium    fili- 

sweet.    See  Mtlilolu*  alba. 
cigsag.    Bee  TryfoUum  medium. 
See  also  Trtfolium  epp. 


Coil  laehryma-jobi  ma-yiien,  30715. 
Colocasia  ^p.,  30625,  30626,  30743,  30751 

30911,  31318  to  31320,  31329. 
Colutea  ep.,  30653. 

arboraoTu,  30786, 
orientaiii,  30787. 
Cambrelum  eoceiTuum,  30956. 
Coreopsit  tiitcloria,  30797.  ' 
Coriaria  terminalit.  30779. 
Comua  mutralii,  30670,  30904. 
CoUmeatUT  epp.,  31286,  31286. 

UmentoM,  30980. 
Cotton,  kidney,  31114. 

"Sakellaridia  "  (Egypt),  30823. 
(Turkey),  30711. 
Cowberry.     See  VacMnium  vitit-iidaea. 
Cowpea   (Philippine   lalands),   30721    to 

30726. 
Cramht  airdifolia,  30711. 
orimtalit,  30526. 
Crata49U*  sp.,  3I2S2. 

arenulata,  30981. 
jotana,  30867. 
monogipia,  30567. 
Cryplocarya  ap.,  31226. 
Cucumber  (Chineee  Turkestan),  30667. 
Cueumit  melo,  30469  to  30472,  30640  to 
30643,    306B4,    30686,    30885, 
30891,  31298  to  31302,  31335 
to313S2. 
»aftVu»,  30667. 
Cuprama/uTiebrit,  30697. 

lempervirent  hmiamialii,  30898. 
Currant(Chiiie8eTurke«tan),30943, 30944. 
Cj/damen  iftmcum,  30905. 
Cypress,  funeral.     See  Cupretnu  fune- 

See  also  Cupmtut  tempervirtns  hori- 


Daet^  glomemta,  30S22. 
Dahiia  gnKiOi,  30798. 
merekii,  30799. 
Dapkru  eaueatica,  30673. 
Datlieen  (China),  31318  to  31320. 

(Cuba),  30751. 

(Hawaii),  30625,  30626. 

(Manchuria),  30743,  31329. 
Date,  30707. 

Tafilelt,  30473,  30707,  31104, 
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DifUalu  lutea,  30865. 
DioapyrM  tcp.,  30519. 

tmdifiora,  30620. 

i&color,  30518. 

haH,  306T8. 

lotus,  300ft4,  30908,  31224. 

maero^yUa,  30521. 

lastOaria,  30497. 
Dottehu  lofrlab,  31383. 
Draeaena  annabaTi,  31228. 
Dragon 'a-blood  tree.     See  Dneaena  an- 

Dyera  coituZohi,  31362. 

Eggplant,     See  Solanum  melongena. 
Bltuagrvut    anguttifolia,     30574,    30633, 

30940. 
ElepharUorrhiai  elephantirui,  31306. 
Elm  (Chineee  Turkestan),  30941. 

(Japtut),  30866. 
Elymut  dahwiciu,  30664. 
BnUUa  orhoreKxnt,  30833,  30834,  31197. 
Ephedra  altiuima,  30588. 

fragila,  30587. 
Enchotrya  japonica,  30858,  31272. 
Erpdium  dconium,  30529. 

ozjrrAtneAum,  30530. 
fruca  $aliva,  30636. 
Erylhrina  lilhotpama,  31098. 
potpp^giana,  31317. 
.fiuffmMsp.,  31366. 

(tom&«yi,  31328. 
Euanymiu  ap.,  31276. 

curoponM,  3053S. 
vanm,  30983. 
Fagoptfrum  wigan,  31108. 
Fagut  orientalu,  30576. 
Fenugreek.    See      TrigontUa     /oenum- 

graecutn. 
Flax.    See  Linum  ep. 

New    Zealand.     See  Phormhun 
spp. 
Foxglove.    See  DigtUilu  luUa. 
Fraximu  ap.,  30662,  30942. 

eietUior,  30802,  30803. 

Gorcww  dvJd»,  30970. 

Ginger,  white.    See  Zimibtr  offiarude. 

OUdiUia  awpim,  30562. 

Qlonom  tuperba,  3O7G0. 

OJ^'nc  ftupuja,  30593  to  30601,  30744  to 

30747,  30839  to  30841. 
Gonodtrut  anguUUiu,  31353. 
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GooBebetry  (Chineee  Turkeatan),  90945. 
Ooitypium  ap.,  31114. 

barbadetut,  30823. 
herbaceum,  30711. 
Grape,  Bandi,  30826. 

(Formoea),  31356. 
(iDdia),  30869. 
KJdl-iajum,  30468. 


(Rumia),  30467,  30468,  S0825  to 

30827. 
Schaani,  30973. 
Schafei,  30827. 
Tavrie,  30467. 
Gran,  bent.    See  Affrottit  eanina. 

Bermuda.    See  Capriola  daeiglon. 
esparto.     See  Lygeum  aparUwn. 
feather.     See  Sttpa  app. 
lemon.    See  Andropogon  tdmtnai- 

thu». 
OTchard.    See  DaetyltM  gUmuraia. 
Grumicbama.    See  Eugenia  dombq/i. 
Guava  (Brazil),  30476,  30477. 

(Paraguay),  31359. 
Halirruydendnm  kahdendron,  31290. 
BaloTylon  ananodcndron,  31332. 
Hawthorn.    See  Crataegut  epp. 
SeliaiUhui  annuTu,  30909. 
Hemp,  female,  30503. 

Manila,  Maguindanao,  30683. 
Honeysuckle  (Chinese  Turkestan),  30936, 

30937,  30988  to  30990. 
Bordeum  epp.,  30505,  30670. 

milgare,    3(»00.    30842,    31106, 
31106,  31112,  31314. 
tri/wratum,  30506. 
Hypericum  patufum,  31027. 
Ilex  eomaia,  31255. 
Indigo/era  ixigreKem,  30876,  30877. 
Ipomota  epp.,  30871,  30872. 

baUitas,  30749,  31229,  31327. 
Irii  spp.,  30663,  31277,  31278,  31296. 
aeuiiloba,  30580,  30581. 


hahphHa.  30984. 
iieriea,  30579. 
muttdmaiiiea,  30578. 
paUida,  30584. 
pumila,  30582. 
wpuria  noOia,  30985. 
Iris  (Chmeee  Turkestan),  30663,  31277, 
31278,  31295. 


3vGoo^^lc 


INDEX  OP  COMMON  AND  BOIENTIPIC   NAMES,  ETC. 


95 


Ivoiy  iwlm,  PuiamA.     See  PhyleUpha> 


Jxiolirum  taiariewn,  30817. 

Jwaniae,  Cftpe.     See  Wamma  augutta. 

Job'e-teaia,  30715. 

Jidxua  ehileruu,  31097. 

Jujube.    See  Ziriphvi  jnjuba. 


Lttcquer  tree.    See  Rhtu  vetmaftra. 
LalUmantia  ibmea,  30572,  30087,  31102. 
LATch,  Jap&oeae.    See  Larix  UptoUjnt. 
Siberian.    See  Larix  dahurka. 
Lariz  dahurica,  30813. 

Uptolepii,  30508,  30814. 
Lalhynu  cietra,  30561. 
Leuiel,  cheiry.    See  Lauro^ram*  ojfid- 

sabino.    See  Magnolia  tplendent. 
LauToeerasiu  offidnalu,  30565,  30899. 
Lemon  (India),  30737,  31210,  31216. 

Malta,  31215. 
LeueotKoe  gnigana,  30649. 
Lime,  Kaghsi,  31211. 
Khatta,  31216. 
BOUT,  31212. 
oweet.  30620,  31217. 
See  also  Citna  limetta. 
Linden.    See  Tiliafava, 
Lineeed.  wild  (China),  31195. 
Lmum  Bp.,  31195. 
LiuixUma  hoogendorpii,  30820. 
LonUxm  spp.,  30656,  30936,  30937. 
eaemUa,  30988. 
higpida,  30989. 
iberica,  30571. 
TnoTTOwi,  30990. 
Loquat.    See  Erii^trya  japoniea. 
Lupine,  blue,  30974. 
Lupimu  spp.,  30974,  31101. 
arboreia,  30755. 
polgphylliis,  30756,  30757. 
Lyeoperricon  ep.,  31239. 
Lycorii  avrea,  30511. 
Lygeum  tparUum,  31256. 
"Maga,"  30013. 
Magnolia  eampbtUn,  30509. 
tpUndmt,  30912. 
JfoiAuenta  potppigii,  30496. 
MalloUu  japmiieuM,  30589. 
Ualut  Bpp.,  30635,  30946  to  30949,  31279, 
31280. 


iV^VMlru,  30950,  30951. 


Mangi/era  indica,  30971,  30972. 

maeroearpa,  31354. 
Uango,  Rosa,  30971. 

scarlet,  30972. 
Maple.  Bee  Aetr  spp. 
Harkiiig  nut.     See    Semtearput   anacar- 

Hastic  bee.    gee  Pittaeia  Untiaau. 
MavritiaJUxtuim,  31311. 
teligera,  31326, 
litamoprit  dtlavayi,  31270. 

horndiila  rudii,  31271. 
inlegri/olia,  31269. 
nmplicifolia,  31025. 
Medwago  spp.,  3IM29,  30830,  30954, 31305. 
etfiarti,  31019. 
eehinvi,  31021. 
faleala,  30955,  31005,  31303. 
hiipida,  31010,  31017. 

aoihala,   30092,  31018, 

31024. 
apKuIata,  30998,  31002. 

31015. 
confinii,  30995,  31022, 
reticulala,  30996,  31011, 
tertbellvm,  31003, 31012, 
31023. 


tupalina,  31013,  31014, 
mi'mTTia,  31004. 
murex  toTTentini,  31006. 
obteura  helix.  31016. 
pnwirnta,  31009. 
radiata,  31069. 
rigidula,  30994. 

einmaeeni,  31001. 
$aHva,     30504,     30622,     30623, 
30712,    30736,    31000,   31304, 
31333. 
icuUllala,  30097, 
toleiralii,  31077. 
Meibomia  gangetiea,  30874. 
Uuiocarpa,  30873. 
putdttlla,  30875. 
JfeWotuioKa,  30661. 

wapoiUana,  30545. 
MeUoca.     See  Ullww  tubertMUs. 
MtTtrntia  fOnrica,  3O901 . 
Meyer,  Fiank  N,,  eeede  and  plante  ee- 
cured,   30628   to  30671,   30829,   30830, 
30921  to  30955,  31276  to  31307. 
Millet  (Philippine  lalandB),  30736. 
Uinvaaopt  elengi,  30957. 
Miiity.    See  ifauntiajtertuwa. 
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Mistletoe.  See  Vueum  album. 
Moghania  jnaeropbylla,  30878. 
MoTotasp.,  31257. 

iridiwla,  31258. 
Morning-glory.     See  Ijxmota  ip. 
Jfonusp. ,30676. 
Mwiaia  imhHeala,  30S24, 
Mulberry  [China),  30676. 
Uvm  up.,  30828,  31206, 
batjoo,  30510. 
textilit,  306S3. 
Huakmelon  (Bolivia),  30885. 

(Chinese  Tui^eaUn),   30640 

to  30643,  31298  to  31302. 
(Riuma),  30684,  30685, 
(Russian   Turkestan),   31335 

to  31352. 
(Turkey),    30469    to    30472, 
30891. 
Myrlut  arayan,  30499. 
PfauxUa  onentalii,  30961. 
Nieotiana  spp.,  30887  to  30889. 

tabaaim,  30474,  30513,  30750. 
Ni^trfiade.    See.Solanwn  nigrum. 
Ifitnria  tvIUM,  30658. 
Nut,  bladder.    See  Stapkyiea  pinnala. 
wing.     See  Pltrocarya  ttenopUm. 
Oak,  cork.    See  Quereut  tubtr, 
Ocymum  batilieum,  30669. 
OUa  ewopaea,  30741. 
Oleaster.     See  Elomynut  anguitifolia. 
Olive,  Chemlali,  30741. 
Opereulina  turpethuvi,  30870. 
Opuntia  sp.,  30838. 
Orange,  Eaula,  31219. 

"Laranjtt  da  Terra,"  30605. 
Nagpora,  31214. 
Sangtara,  31218. 
Syihet,  31220. 
See  aim  Citrui  auranHvm  *tn«nM. 
Orjpa  KUiva,  31099,  31116  to  31192. 
Paeonia  eonllirui,  30522. 

mlototewiUchi,  30523. 
Palm,  30695,  30820,  31097. 

Panama  ivory.    Se6PhyUUphattt& 
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Papaver  ori^rUale,  30525. 
Papaya.    See  Cariea  papaya, 
PoM^lonisp.,  31207. 

aetri/olia,  30903. 

eaeruUa,  30902. 

«klu,  30615. 

liguiarU,  30iS7. 


PanioQ  fruit,  30487,  30515,  30902,  30903, 

31207. 
Pea,  pigeon.    Sae  Cajan  indieum. 

See  also  Chick-pea  and  Cowpea. 
Peach,  Feicheng,  30482. 

Nectarine    (Chinese    Turkestan), 
30647,  30648. 
Peanut  {Philippine  Islands),  30717. 
Pear,  wild.    See  Pyrut  ni'wiZu  tlaeagri- 

Peony.    See  Paeonia  spp. 

Peppei,  red  (ChineeeTuikeetaa),  30668. 

Pmta  sp.,  30494. 

amerUxma,  31361. 
Pereintmon,  Shibu  kaki,  30678. 
Feuiudanian  oreo»el\ny.m.,  30591. 

verlidtlare,  30590. 
Phateolut  calearatiu,  30727  to  30730. 

TvdiatuM,  30731  to  30733,  30748. 
wiigant,  31237,  31307. 
Phtllodmdron  mJialijiaue,  30864. 
Phoenix  daetylyfera,  30473,  30707,  81104. 
Phormiu-m  eooHiMiim,  30832. 

Unax,  30831,  S1367. 
Photinia  glabra,  30982. 
PhyUkphat  tetmanni,  31115, 
Pieta  abia,  30856. 
Pine.    See  Ptnu*  spp. 

stone.    See  Pinut  pinta. 
Pinut  armandi,  30688. 
haUpentit,  30815. 
pirtea,  30896. 
Piquii.    See  Caryoear  vilUman. 
Piilacia  atianliea,  30611. 
cAtnfTMU,  30687. 
ImtiKiu,  31259. 
PUAteolobium  Ktman,  30958. 
PiaotpoTvm  enur^olium,  30772. 

helerophyllwn,  30773. 
Plantain.    See  Muta  batjoo. 
Plum  (China),  30675,  30689  to  30602. 
(Chinese  Turkestan),  30649. 
hog.     See  SpotuHat  bii*a. 
Pomegranate.    See  Punioa  granatum. 
Pomelo,  Chakatra,  31213. 
(China),  30886. 

(India),    31213,    31221,    31222, 
31325. 
I  (Italy),  31254. 

i      See  also  Citnu  deeumana. 
\  Ptmgam  pmnala,  30959. 
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Poplar,  30969. 

(Chineee  TurkevUn), 30921, 30022. 
desert,  30921. 
See  &laa  Popultu  sp. 
Poppy.     See  Papaver  orienlak. 
Popuha  baltami/era  laurifolia,  30922. 
pndnota,  30921. 
tremula,  30S77,  30969. 
Potato  (Paraguay),  31275. 

(Peru),  31230,  31231. 
aweet  <New  Zeabuiil),  31327. 

New  Zealaiid  red-Bkinned 

kuman,  30749. 
(Peru),  31229. 
Primroae.    See  Prtffiula  tpp. 
Frirmda  btdleyaiM,  30762. 
dtntieuUaa,  31026. 
tosnww,  30801. 
lUbmvxTM,  30763. 
Protopi*  juliftora,  31238. 
fnmw  app.,  30649,  30675. 

terweniaea,  30463,  3062S  to  30632, 
30634,   30644   to  30646,   30952, 
31281. 
domatica,  30689  to  30692. 
ineUB  lunl<n*ti,  30869. 
vuamtywimi,  30660. 
rnvToeaiTNi,  30663. 
protlrata,  30564. 
pteudo-aratut,  30861. 
PtHium  aroQa,  31260. 

^tui^iiva,  30476,  30477,  31369. 
PUrocarsa/raxinifolia,  30609. 


Pu«nirt<i  pAa«<o2ou&«,  30964. 
Pvniai  grtmatam,  30614  to  30619. 
Pyrat  niwtlit  daeagrifolia,  30566. 

QwreainibtT,  31261. 

Quiooa.    See  Chenopodiwn  ^inoa. 

Reawnvria  sp.,  30939. 
Rhammu  caOiartiau,  30636. 
Jrangula,  30637. 


Rheedia  edulit,  30492. 
iU«UTn  dtufrait,  31037. 

frarambackii,  31041. 

moOTcro/Iionum,  31042. 

palTnoAim,  31038,  31039. 

fan^uttcum,  31036. 

Hiofpontiewn,  31040. 

ijriafarmt,  31036. 
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Rhododendmn.  albrtehU,  30850. 
BhodotyjxM  lerrioidtM,  30862. 
Bhubarb,  31036  to  31042. 
Rhv»  vrmiafera,  30686. 
fitbef  spp.,  30943  to  30946. 
Rice  (China),  31099. 

(Philippine  Islanda),  31116  to  31192. 
Ridnut  conununit,  30718  to  30730. 
Boquette.     See  Eruca  tativa. 
Roia  app.,  30657,  31291,  31292. 

eanina,  30789. 

Amuueena,  307S8,  31262. 

ftrragmta,  31034. 

gailita,  30568. 

maerophyOa,  30790. 

mvitifiora,  30863,  31095. 
Boee  (Chinese  Turkeetan),  30667,  31291, 
31292. 

(England),  30788  to  30790. 

(Italy),  31262. 

(Japan),  30863. 

(Philippine  iBlanda),  31095. 

(Runia),  30668,  31034. 
See  alao  Roia  epp. 
Rubber  (Mexico),  31193,  31226,  31360. 
(Panama),  30514. 
white,  30512. 
Rutnufratin^oliu;  31096. 

moeron,  30907. 
Rye,  wild,  30664. 

Sabal  blackhuTnia,  31264. 

glabra,  31263. 
Saahamm  offidnantm,  30464  to  30466. 
Saiteapp.,  30923  to  30929. 
SaUola  arbutcula,  31334. 
Sanian.    See  Pilli^eolobiwn  Mman. 
Sapiiidxu  Bp.,  30673. 
Sapitan  verum,  30512. 
Sapodilla.    See  Sapola  tapotiUa. 
Sapota  tapolilia,  30843. 
Saatn.    See  Rhetdia  edulu. 
Saxaul.    Bee  Halaxylon  ammodtndron. 
SdiizonolMi  aUchuoni,  30768,  30791. 
Semeoarpm  anaeardiam,  30962. 
Seneew  veitchtantu,  30800. 
Senna,  bladder.    See  Colulea  arborttcmt, 
Setban  eannalnnum,  30880. 

ffrandiflorum.     See  Agati  gnmA- 

SaUrta  argmita,  30666. 

Shaftal.    See  Tr^otiummtaveoltni. 

Siberian  pea  tree.    See  Caroffatut  tpp. 
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8uapbetry.     Se«  Sapiitdut  sp. 
Solanumepp.,  31230,  31231. 

aaiUatiseimwm,  30703. 
1,  30710. 


mtloTigena,  31266. 

nigrum,  30612,  30613,  30679  to 

306S2,  30739,  30740,  30836. 
tea/orthianwm,  30702,  30894. 
torvum,  30895. 
ttiberoivm,  31275. 
Sonchu*  arborau,  30908. 
Sorbu*  ep.,  31283. 
aria,  31033. 
torminalis,  30892. 
eoy  beau  (India),  30S39  to  30S41. 

(Manchuria),    30593  to  30601, 
30744  to  30747. 
SparUum  jutumim,  30900. 
Sphenoilylii  Mltnoearpa,  31194. 
Bpindle  tree.     See  Etumyma*  evropaau. 
Spiraea  ep.,  30034,  30935. 

hyperieifolia,  30569. 
Spondiax  a/lherea,  30495. 

duleii.    See  S.  tythena. 
lutea,  30480. 
piwnata,  30491,  30627. 
Sp/uce,  Norway.    See  Pvxa  oMei. 
Staekyi  tieboldi,  30701. 
Staphyiea  pinnala,  30534. 
Sttpa  flf^anfiMima,  30606. 
giganlea,  30607,  30608. 
pennata,  30609. 
tpUndent,  30610. 
Sugar  cane  (Japan),  30464  to  30466. 
Sunflower  (Russian),  30909. 
Sweet  potAto.    See  Potato,  sweet. 
Syntherigma  dliarit,  30965,  30966. 

Talmana  mutabUi*,  30516,  30517. 
Tamarix  spp.,  30930  to  30933. 

hohenaekeri,  30527. 
"Tara-tara."    See  Caeialpinia  peetinala. 
Taro  (Cuba),  30911. 
Teramnut  labialU,  30716. 
Thetpegia  grandifiora,  30913. 
IWiaA™,  30528. 

rubra  btgonifoUa,  31070. 
Tobacco  (Cuba),  30513. 

{Honduiaa),  30887  to  30869. 

(Mexico),  30474,  30750. 

San  CriBtobal,  30474. 
Tolwfera  ap.,  30960. 


Tomato  (Peru),  31239. 
Toona  eUiata,  31250. 
.  Trai^earput  exixUui,  30695. 
Trtfolium  agrarivm,  31048,  31049. 

aUxandrinvm,,  31055. 

tnabiguwn,  30542. 

fTTEiue,  30539. 

eemavm,  31050. 

eherltri,  31044. 

Miforme,  30543,  30544. 

tneamotum,  31052. 

lappaeeum,  31057. 

lupiTuuter,  31321  to  31323. 

medivm,  31046. 

pannonicum,  31045. 

praUfnte,  30881,  30910,  31056. 

nxlitiatvm,  31053. 

Kobnan,  31043. 

tpumoium,  30340,  31047. 

ttriatum,  31051. 

tiuiiMDteru,  30481. 

tu.mm»,  30541,  31054. 
TV^oneUo  areuala,  31008. 

cocrulea,  31064,  31068. 

raUitxnu,  31065. 

i»mteubit<i,  31060. 

er«(ua,  31061 . 

fotnum-graecum,  31058. 

gladiala,  31066. 

owdit,  31020. 

polycerala,  31062,  31063. 

pTQCumberu,  31059. 

«ptnoia,  31067. 
TrUicumsp.,  31208,  31209,  31316. 

(K«(iv«ni,  30602  to  30604,  30671, 

30709,    31107,    31236,    31368, 

31369. 
dxaum,  31315. 
Trolliug  ledehowii,  31072. 

VliucM  ivberomt,  31198  to  31202. 
Ulmaria  filipendula,  30792. 
CTmiMsp.,  30941. 

glabra,  30866. 
Undetermined,  30693,  30696, 30901, 31365. 

Voerinivm  huergeri,  30851. 

ciliatum,  30852. 

japonictim,  30S53. 

vitit-idoM,  30624,  30854. 
FcrboKum  olympieum,  31266. 
Veronita  lalicifolia,  30807. 
targmli,  30847. 
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V«tcb,  31306. 

bitter,  30559. 

(Chinese  TurlcestaD),  31306. 
hairy,  31074. 
spring,  31073,  31081. 
Fi&umum  targenti,  30847. 
Vieia  epp.,  31086  to  31088,  31306. 
anga»t\folia,  3I0S3,  31090. 
mmigem,  31077. 
ditptnaa,  31091. 
dunwtorwm,  31093. 
iTvUia,  30559. 
Air«ita,  30660,  31078. 
meUmopt,  31079. 
midumxii,  31092. 
<mobrydiioidt$,  31069. 
piela,  31080. 
pteudocracea,  31076. 
laHvii,  31073,  31081. 

Immtpemut,  31075,  31084. 
obowita,  31062. 
tylvaHea,  31085. 
(«nut^>Iu,  30558. 
i^Ioia,  31074. 
Vigna  piloia,  30963. 

nnmni,  30721  to  30720. 
Vucum  alfnan,  30808. 
Fiiiispp.,  31267,  31268. 
borbata,  30869. 

vinifera,  30467, 30468,  30826  to  30827, 
30973,  31355. 
242 


Walnut,  Caucaei&Q.    See  PUrocarya  frax- 

Wampee.    See  Claacena  Zannum. 
Wameria  aaguita,  30498. 
Water  Uly.    See  Cattalia  alba. 
Watennobn  (Bolivia),  30884. 

(Chinese  Turkestan),  30639. 
(Turkey)  30890. 
Wattle.    See  Acaeia  epp. 
We  trmt.     See  Spondiai  q/lherea. 
Whau.    See  EnUUa  arboruceru. 
Wheat  (Algeria),  31368,  31369. 

(China),  31107, 

(Chinese  Tju-keebui),  30671. 

Dongola,  31208. 

(Egypt),  31208,  31209. 

Indian,  31209. 

(Mexico),  30602  to  306G4,  30709. 

(Peru),  31336. 

red,  30602. 

(Tunis),  31315,  31316. 

white,  30603. 
Willow  (Chinese  Turkest&n),    30923   to 

30929. 
Wing  nut.    See  Pteroearya  ttenoptera. 

ZimOer  officinale,  30483,  30592, 30752. 
Zitiphui  jujuba,  30488,  30621,  30677. 
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by  Dr.  E.  M.  Kast,  Assistant  Professor  of  Experimental  Plant  Mor- 
phology, Harvard  University,  and  Collaborator  of  this  Bureau,  and 
Mr.  H.  K.  Hayes,  Plant  Breeder  of  the  Connecticut  Agricultural 
Experiment  Station.  This  paper  reports  resulta  from  experiments 
that  have  at  different  times  received  aid  from  this  Bureau,  the  Con- 
necticut Agricultural  Experiment  Station,  and  the  Bussey  Institu- 
tion of  Harvard  University  and  should  be  considered  the  product  of 
their  joint  collaboration. 

Respectfully,  B.  T.  GALix)WAr, 

Chief  of  Bureau. 
Hon.  Jahes  Wilson, 

Secretary  of  Agriculture. 
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HETEROZYGOSIS  IN  EVOLUTION  AND  IN 
PLANT  BREEDING.' 


ZNTBODTJCnON. 

When  a  biologist  begins  any  line  of  genetic  work  with  either 
plants  or  animals  he  generally  has  occasion  to  differentiate  his  stock 
into  more  or  less  pure  types  by  in-and-in  breeding.  Frequently  in 
the  case  of  animals,  and  nearly  always  in  the  case  of  plants  that  are 
naturally  cross-fertilized,  he  finds  there  is  a  loss  of  vigor,  usually 
unaccompanied  by  pathological  aymptoma.  This  loss  of  vigor  is 
generally  expressed  by  a  decrease  in  the  size  of  the  individual,  but  it 
may  be  shown  by  a  ahght  decrease  in  fertihty.  The  phenomenon, 
although  it  probably  occurs  in  all  great  groups  reproducing  sexually, 
is  not  general,  however,  for  in  many  animals  and  in  plants  that  are 
normally  self-fertilized  it  is  unnoticeable. 

If  after  obtaining  his  "  pure"  stocks  the  experimenter  has  occasion 
to  cross  strains  that  differ  in  character,  be  often  finds  that  the  reverse 
phenomenon  occurs.  The  vigor  of  the  hybrid  is  greater  than  that  of 
either  parent. 

These  manifestations  have  been  noticed  for  over  a  century  by 
plant  breeders  and  for-  probably  two  thousand  years  or  more  by 
animal  hybridizers.  Until  the  end  of  the  nineteenth  century  the 
interpretation  of  the  phenomena,  if,  indeed,  that  which  is  only  a 
paraphrased  statement  of  the  facts  can  be  called  an  interpreta- 
tion, was  that  deterioration  both  morphological  and  physiological 
is  the  direct  result  of  inbreeding,  and  therefore  occasional  crossing 
of  genetically  distinct  blood  lines  is  a  necessary  requisite  to  vigor  in 
every  sexually  propagated  species. 

Seven  years  ago  an  extended  series  of  investigations  was  started 
at  the  Connecticut  Agricultural  Experiment  Station  having  as 
their  primary  object  an  interpretation  of  these  facts  in  keeping  with 
the  more  extended  knowledge  comprised  in  modem  biology.  This 
paper  presents  a  full  account  of  the  views  that  the  writers  have 
come  to  hold  through  the  data  gathered  in  these  experiments, 
although  it  has  not  been  thought  necessary  or  advisable  to  confuse 
the  arguments  by  overioading  it  with  all  of  the  data  in  their  posses- 

'  PabtWiid  •tad  le  ■  conlrlbulloD  from  tbe  lAbontlorr  ol  OouUci,  Biuaey  IiutUuUau  o[  Harrtrd  Unl- 
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aion.  It  is  hoped  that  an  adequate  number  of  facts  are  cited  to  sup- 
port the  tbeeis,  and  it  is  sufficient  on  this  occasion  to  say  that  not 
a  ain^e  fact  has  been  discovered  that  is  irreconcilable  with  it. 

THE  FROBLBH. 

The  experimental  data  upon  which  the  defense  of  our  thesis 
is  based  have  been  obtained  entirely  from  plants,  but  observationa 
of  animal  hybrids  and  published  records  lead  us  to  beheve  that  the 
facta  are  the  same  among  animals.  We  beheve,  therefore,  that 
our  conclusions  apply  alike  to  the  animal  and  the  vegetable  kingdoms, 
for  we  beheve  the  propositions  upon  which  the  arguments  are  based 
are  apphcable  to  all  organisms  reproducing  sexually.  These  propo- 
sitions are: 

(1)  Mendel's  law — that  is,  the  segregation  of  character  factors  in 
the  germ  cells  of  hybrids  and  their  chance  recombination  in  sexual 
fusions — ia  a  general  law. 

(2)  Stimulus  to  development  is  greater  when  certain,  or  poasibty 
all,  characters  are  in  the  heterozygous  condition  than  when  they 
are  in  a  homozygous  condition. 

(3)  This  stimulus  to  development  is  cumulative  up  to  a  limiting 
point  and  varies  directly  with  the  number  of  heterozygous  factors 
in  the  oi^nism,  although  it  is  recognized  that  some  of  the  factors 
may  have  a  more  powerful  action  than  others. 

We  later  in  this  bulletin  take  up  brieSy  some  of  the  specific  reasons 
for  extending  these  theories  to  the  animal  kingdom,  but  at  present 
we  shall  confine  ourselves  to  developing  the  botanical  proof. 

BABI.T  DTVESTIOATIONB. 

The  number  of  cases  in  wliich  hybridizers  have  noticed  an  increase 
in  vigor  in  crosses  between  subvarieties,  between  varieties,  and  between 
species  is  so  great  that  an  extended  citation  of  the  facts  is  superfluous. 
Without  exception  the  horticultural  writers  of  the  nineteenth  century 
noted  the  phenomenon  and  many  of  them  described  it  at  great 
length.  We  have  taken  some  trouble  to  find  out  its  generahty,  and 
have  found  records  of  its  occurrence  in  the  gymnosperms  (Darwin,* 
■  1876;  Focke,  1881)  and  pteridophytes  (Focke,  1881}  as  well  as 
throughout  the  angiosperms.  In  fact,  out  of  85  famihea  of  angio- 
sperms  in  which  artificial  hybrids  have  been  made,  instances  of 
hybrid  vigor  exceeding  that  of  the  por^it  species  have  been  noted 
in  59. 

Kdlreuter  (1763),  the  earliest  botanist  to  study  artificial  plant 
hybrids — as  Darwin  notes — gives  many  exact  measurements  of  his 
hybrids  and  speaks  with  astonishment  of  their  "statura  portentosa" 

I  autlom  141  ltl«Btura  throu^uiut  Ibb  bulleUn  reltr  to  the  "  BlbUugnphr ''  on  vt**  ID-^l. 
"'  Digiliz^cbyGoO^^lc 
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uid  "ambitus  vastissiniua  ac  altitudo  valde  conspicua."  Later, 
after  having  been  struck  with  certain  natural  adaptations  for  cross- 
fertilization,  he  made  a  passing  remark  which  plainly  showed  that 
he  thought  nature  had  intended  plants  to  be  cross-fertilized  and 
that  benefit  resulted  therefrom.  The  hybridists  that  followed 
KtSreuter  were  all  interested  in  the  phenomenon,  but  up  to  the 
time  of  Darwin  only  Knight  and  Gartner  attempted  to  generahze 
from  their  observations.  Perhaps  this  was  because  each  one  noted 
the  fact  that  some  species  hybrids  were  small  and  weak.  Knight 
(1799),  however,  made  the  somewhat  generalized  statement  that 
nature  had  something  more  in  view  than  self-fertilization  and  in- 
tended that  sexual  intercourse  should  take  place  between  neigh- 
bonng  plants  of  the  same  species.  On  the  whole,  however,  Gartner, 
has  given  the  best  axpression  of  the  views  of  the  botanical  experi- 
menters down  to  1849,  and  for  this  reason  we  have  translated  in 
full  hia  section  on  "Wachstum,  Luxuriation  und  Sproasungsver- 
mogen  der  Bastarde"  (Gartner,  1849,  p.  526).     He  writes  as  follows: 

One  of  th«  meet  coiupicuous  and  common  charactariatica  of  plant  hybrids  is  Ihe 
luxuriance  of  all  their  parts,  a  luiuriaoce  that  is  sbown  in  the  ranloiesB  of  their  growth 
and  a  prodigal  development  of  root  shoots,  bianchee,  leaves,  and  bloeBume  that  could 
not  be  induced  in  the  parent  stocks  by  the  moflt  careful  cultivation.  The  hybrids 
usually  Teach  the  full  development  ot  their  parts  only  when  planted  in  the  open,  as 
KOlreuter  (1763)  has  already  remarked;  when  grawn  in  pots  and  thus  limited  in  food 
supply  their  tendency  is  toward  fruit  development  and  seed  production. 

Ccmconing  the  great  vigw  of  hybrids  all  oibeerveis  are  agreed;  on  this  point  may 
be  cited  KOlreuter  (1783),  Sageret  (1826),  Sabine  BerthoUet  (1827),  W.  Herbert  (1837), 
MauB  (1825),  and  l«coq  (1845).  The  vigor  of  a  plant  can  even  serve  to  indicate  its 
hybrid  nature  in  a  doubtful  case,  as  EOlreuter  has  done  with  Mimbilis  jalapo- 
dtAoUfma. 

Bcddee  poeeeesing  general  vegetative  vigor,  hybrids  are  often  noticeable  for  the 
exbaordinary  length  oE  their  stems.  In  various  hybrids  of  the  genus  Verbascum,  for 
example  b/chnilii'thaptui,  the  stem  shoots  up  12  to  15  feet  high,  with  a  panicle  7  to  9 
feet,  the  six  highest  side  branches  2  to  3  feet,  and  the  stem  1}  inches  in  diameter  at  the 
base;  in  AlUuua  eannabinthoffidnalu  the  stem  is  10  to  12  feet;  in  Malva  mauriUmo- 
tjflvatrii  0  to  11  feet;  in  DigitalU  purpureo-ochroUvxa  8  to  10  feet,  with  panicles  4  to  6 ' 
feet;  and  in  Petunia  ngeiaginijiivo-phoenvxa  and  Lobelia  cardinali-sgjAilitica  3  to  4  feet 
each.    Prof.  Wiegmann  alM  corroborates  theee  observations. 

Hybrids  in  the  genera  Mirabilis  and  Datura  are  especially  conspicuous  for  their 
enormous  size,  as  Kftlreuter  has  already  stated.  The  different  hybrids  of  Datura— 
St/amonio'tatula,  qiUTe^folia-ferox,  laevi-tatula,  and  Utem-femx — grew  so  large  as  to 
be  almost  treelike,  with  braochee  and  leaves  that  nearly  weighed  down  the  stems, 
ev4i  before  the  time  for  developing  their  numerous  blossoms.  Likewise  such  species 
hybrids  as  Niooliana  nutvolenti-maarophj/lla,  Nicotiana  rmtica-moTyUmdUa,  and  Trop- 
aeoban  laajua-mmu  reach  a  ndteworthy  bei^t  and  circumference. 

The  not  eystem  and  the  power  of  germination  of  hybrids  are  highly  correlated  with 
their  great  vegetative  vigor.  Many  hybrids,  therefore,  which  are  not  bo  luxuriant 
in  growth  aa  those  just  described.  Cor  example,  Dianthus,  Lavatera,  Lycium,  Lych- 
nis, Lobelia,  Qeum,  and  Pentstemon  hybrids,  put  forth  stalks  easily  and  therefore  are 
readily  propagated  by  layers,  stolons,  or  cuttings.    The  observations  of  K61reuter 
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(1763),  Sagerot  (1S26),  and  Wi^mum  (1S28)  agree  with  oura  in  this  reepect.  This 
extrsordinary  eide  branching  and  tiUoring,  as  well  as  the  growth  of  the  main  stem,  in 
most  hybrids  contisuoe  until  late  is  the  fall  and  in  many  until  froet,  aa  we  have  ob- 
served in  Lobelia  syphilitico-caTdinalU,  Petunia  nyctaginifioro-phoenicea,  yieoliana 
tiMtveoknti-macrophylla,  Pentxtemtyn  gentiatundeo-aTiguiit^oliwi,  Digilalvi  purpurea- 
oiJtroleuai,  Malva  mauxitiano-tylve»tri»,  Allhma  eannahino-offieine.lit,  etc.  Sageret 
(1826)  makes  the  same  statement  about  Nicotiana  tabaoo-trndalata.  There  are  other 
hybrids,  however,  that  are  without  this  ability  to  form  sprouts,  such  as  Moithiola 
atinuo-glabTa  and  those  between  several  Nicotiana  species. 

Luxuriation  expresses  itself  at  times  as  proliferation;  for  instance,  in  Lychnis  dxiirruh 
fioi  eueuH  the  receptaculum  is  changed  to  a  bud  Ihat  puts  forth  branches  and  leavee. 
If,  moraover,  the  vigor  of  the  hybrids  especially  affects  the  stem  and  the  branches, 
particularly  their  length,  nevertheless  the  leavee  take  part  in  it  by  becoming  larger. 
Hybrids  in  the  genera  Datura,  Nicotiana,  Tropaeolum,  Verbaacum,  and  Pentstemon 
are  examples. 

EAlreuter  (1763)  expresses  the  opinion  that  the  strength  and  luxuriance  of  hybrids 
continued  long  after  blooming  rests  upon  the  fact  that  the  plants  are  not  exhausted 
and  worn  out  by  the  production  of  seed.  Similarly,  Edw.  Blyth  (1S37)  eeee  in  the 
impotence  or  sterility  of  animal  hybrids  the  explanation  of  their  great  muscular  devel- 
opment, while  the  considerable  size  which  these  hybrids  reach  in  comparison  with 
their  parents  may  be  interpreted  in  the  same  manner,  since  capons  are  able  to  make  a 
like  growth. 

But  if  we  take  into  consideration  that:  (1)  Such  a  sex  condition  may  exist  in 
dicecious  plants  without  reeulting  in  the  luxuriance  shown  by  hybrids,  then  the  reason 
given  above  may  be  no  adequate  explanation  of  that  phenomenon.  (2)  The  luxu- 
riance of  the  hybrid  plants  is  already  present  and  visible  before  (he  development  of  the 
flowers,  although  one  may  not  doubt  that  the  derangement  of  the  eexual  activities 
and  of  the  development  of  those  organs  is  not  without  conaequences  to  the  inner  life 
of  these  plants  and  that  there  may  obtain  essential  difference  between  the  weakening 
or  the  entire  suppression  of  one  or  the  other  of  the  sexual  activities  of  the  hybrids  and 
of  the  normal  separation  of  the  eexee.  (3)  Not  all  partially  fertile  and  sterile  hybrids 
are  gifted  with  an  increased  vegetative  power,  since  we  have  observed  several  abso- 
lutely sterile  hybrids  with  weakened  and  limited  vegetative  vigor;  for  example, 
Nieolxana  gnmdifloro-glutinom,  N.  glutinoea-qwulrivalvit,  ff.  rualito-itiavoletu,  N. 
maveoknti-qTUuirivalvi^,  Dianlku*  barbato-deltoidet,  D.  eaueasieo-oTemniua,  Verbiacitm 
blaaaria-lydmitit,  etc;  at  the  same  time  many  other  hybrids  keep  the  growth  rela- 
tionships of  the  parent  plants  unchanged.  (4)  Among  all  the  hybrids  that  we  have 
observed,  those  which  show  the  greatest  luxuriance  in  all  their  parte  are  precisely 
those  which  show  the  greatest  fertility,  for  example,  Datvra  etranumio-fatula,  Datura 
quereifolio-feTOX,  JYopaeolvm  majui-minus,  LavaUra  pteudolbio-thvringviai,  Lycivm 
barbaro-afnim,  and  UirabilU  jnlapo-diehotoma.  (5)  Planting  partially  fertile  hybrids, 
such  as  Nicotiana rwlteo-panirulala  and  DianOtut  barbato-chinentit,  etc.,  in  pots  makes 
the  production  of  fruit  and  seed  easier  th^Dugh  limiting  the  vegetative  growth,  but  a 
sterile  plant  is  never  made  fertile  by  thix  method.  Luxuriance  is  therefcre  a  peculiar 
quality  of  several  hybrids,  although  it  is  not  poeeessed  by  all  in  the  same  dt^ree. 

Although  the  early  hybridizers  paid  more  attention  to  crosses 
between  distinct  species  than  they  did  to  crosses  between  races  that 
differed  by  only  a  few  relatively  unimportant  characterB,  there  ia  no 
question  but  that  they  noted  a  very  great  number  of  cases  where 
crosses  of  the  latter  character  gave  plants  that  were  remarkable  for 
their  vigor.    In  fact,  we  have  found  no  record  of  intervarietal  crosses 
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where  delicate  or  weak  hybrids  resulted.  On  the  other  hand,  species 
crosses  sometimes  result  in  hybrids  constitutionally  feeble.  It  is 
obvious,  therefore,  that  a  reasonable  intefpretation  of  the  facta  must 
include  an  explanation  of  each  category.  This  matter  must  be  left 
until  later,  however,  for  the  work  of  the  early  investigators  ia  cited 
only  to  show  the  prevalence  of  the  phenomena  under  discussion. 

Gartner's  researches  were  followed  by  but  little  systematic  study 
of  cross  and  self  fertiLization  in  plants  until  the  time  of  Darwin,  and 
even  Darwin's  earlier  work  was  confined  to  the  natural  means  of  plant 
pollination.  This  early  work,  mainly  a  study  of  poUination  in 
orchids,  was  summed  up  in  1862  by  the  saying  "Nature  abhors  per- 
petual self-fertilization,"  a  dictum  that  has  become  known  as  the 
Kni^t^Darwiu  law.  This  important  conclusion  gave  a  great 
impetus  to  the  study  of  the  means  of  flower  pollination  throughout 
the  angiosperms.  A  huge  literature  of  several  thousand  titles  was 
built  up,  from  which  at  times  important  compilations,  such  as  those 
of  Mailer  (1873)  and  Knuth  (1898),  have  been  made.  Every  possible 
variation  in  flowering  habit  was  ai^ed  into  an  adaptation  for  cross- 
fertihzation  with  an  ingenmty  and  zeal  similar  to  that  shown  by 
zoologists  in  t^eir  work  upon  protective  coloration  and  mimicry, 
and  often  with  as  enthusiastic  prodigaUty  of  extravagant  logic.  The 
earnestness  of  these  observers  extended  our  knowledge  of  the  me- 
chanics of  pollination  in  the  angiosperms  beyond  that  of  any  one 
phase  of  general  botany,  yet  in  the  last  half  of  the  nineteenth  cen- 
tury Darwin  was  the  only  scientist  who  made  a  systematic  experi- 
mental inquiry  into  the  physiological  effect  of  cross-pollination  com- 
pared with  self-poUination.  The  net  result  of  the  work  of  the  other 
observers  was  simply  to  show  the  widespread  occurrence  of  means  by 
which  cross-pollination  might  take  place.  This  fact  may  be  taken 
to  indicate  that  cross-fertihzation  is  an  advantage  to  a  species,  but 
it  certainly  does  not  prove  that  cross-fertilization  is  indispensable. 
TTie  many  plants  naturally  self-fertihzed  preclude  it. 

Darwin's  later  experimental  work  on  this  subject  was  so  important, 
both  from  the  standpoint  of  completeness  and  brilliancy  of  analysis, 
that  it  must  be  considered  by  itself.  For  this  reason  we  will  dis- 
regard chronology  and  conclude  this  part  of  our  historical  summary 
with  the  observations  of  the  greatest  hybridizer  contemporary 
with  Darwin,  W.  O.  Focke.  In  Focke's  fine  work  "Die  Pflanzen- 
Mischlinge"  he  gives  a  chapter  on  the  properties  of  hybrids,  from 
which  the  following  extract  is  taken: 

CnNMS  between  diSerent races  and  diffeient  varieties  are  distinguished  from  individ- 
uals of  the  pure  type,  as  a  rule,  by  their  vegetative  vigor.  Hybrids  between  mark- 
edly different  species  aro  frequently  quite  delicate,  especially  when  young,  so  that 
the  Beedlings  are  difficult  to  raise.    Hybrids  between  species  or  between  tacea  that 
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aie  more  nearly  related  are,  tie  a  rule,  uncommonly  tail  and  robust,  M  b  shown  by 
their  tiize,  rapidity  of  gronlfa,  earlineas  (rf  flowering,  abundance  of  blossoms,  long 
duration  of  life,  ease  of  asexual  propagation,  increased  size  of  individual  oigaus, 
and  similar  chaiact«iB . 

To  undertake  a  closer  emunination  of  the  above  propositionB,  it  will  be  Decenary 
to  cite  a  few  examples.  The  following  hybrids  are  abnormally  weak:  Nymphata  alba 
when  crossed  with  foreign  species,  Hibiscus,  Shododaidron  rhodora  with  other  speciw, 
R.  iineiue  with  Euriiododendron,  Couvolvulus,  the  polyhybride  of  Salii,  Oinum, 
and  Narcissus.  Moreover,  it  has  ofteu  been  noticed  that  other  hybrid  seedlings  are 
somewhat  delicate  and  are  brought  to  maturity  with  difficulty.  Really  dwarf  growth* 
have  been  but  seldom  observed  in  hybrids;  compare,  however,  certain  hybrids  of 
Nicotiaua.  (Page  285  above,  and  especially  N.  qvadrivalvit  X  tabacum  maero- 
pkylla,  p.  292.)  Giant  growths  are  more  frequent;  note  for  example  Lycium,  Datuia, 
Isoioma,  and  Miiabilis.  In  size  the  hybrids  generally  eurpa&i  both  the  parental 
species,  or  at  the  least  they  surpass  the  average  height  of  the  two;  compare  many 
hybrids  of  Nicotiana,  Verbascum,  and  Digitalis.  Development  oftengoee  on  with 
great  rapidity,  as  Elotzsch  has  emphasized  in  hie  hybrids  of  Ulmus,  Ainus,  Quercus, 
and  Pinus.  Further,  the  blossoms  of  hybrids  often  appear  earlier  than  do  those 
of  the  parent  species,  for  example,  Papaver  dvHum  X  icrmni/erum,  many  Dianthus 
hybrids,  RKododeadnm  arboTeam  X  catawbieTim,  Lycium,  Nicotiana  ruitiea  X  patiieu- 
lata,  Digitalis,  Wichuia's  six-fold  Salix  hybrids.  Gladiolus,  Hxppeattnan  viUatUM,  X 
rtginae,  etc.,  and  especially  many  hybrids  of  Verbascum.  On  the  contrary,  it  must 
be  admitted,  there  are  several  hybrids  that  blossom  only  alter  a  long  growth  period 
or  not  at  all,  examples  of  which  may  be  found  in  the  genera  Cereus  and  Rhododen- 
dron. Of  earlier  ripening  of  the  seed  independent  of  earlier  blossoming  only  one 
example  has  come  down  to  me,  namely  Nuphar.  Very  frequently,  one  might  say 
very  generally,  an  extraordinary  numerical  production  of  flowers  has  been  observed, 
for  example,  Capeella,  Helianthemum,  Tropaeolum,  Paseiflora,  Begonia,  Rhododen- 
dron, Nicotiana  {Tiutim  X  paniculata,  glutinaia  X  tabaaim,  and  others),  Verbascum, 
Digitalis,  many  of  the  Geeneraceie,  Mirabilis,  and  Cypripedium.  The  size  of  the 
blossoms  is  of  ten.  increased  in  hybrids.  By  crossing  two  species  with  flowers  of  dif- 
ferent size,  those  of  the  hybrids  very  nearly  reach  (not  seldom  entirely  reach)  the  size 
of  the  larger  variety.  Examples  of  hybrids  with  unusually  large  blossoms  are  Dvm- 
lhu»  arenamu  X  miperbui,  Rubut  eaaiut  X  beliardU,  and  hybrids  of  Rota  gaUica,  Be- 
gonia boliviemit,  and  Itoloma  tydaeum. 

A  great  capacity  for  vegetative  propagation  is  very  general  in  hybrids;  among  the 
good  examples  of  such  a  phenomenon  may  be  mentioned  Nymphaea,  hybrids  of 
Rulna  caerius,  Nicotiana  maveolent  X  ialitsima,  Linana  ttriata  X  vulgani,  and  Pota- 
mogeton.  Great  longevity  may  be  mentioned  as  a  characteristic  of  a  few  hybrids 
of  Nicotiana  and  Digitalis,  ability  to  withstand  cold  is  especially  noticeable  in  Nico- 
tiana mawolen*  X  tabacum  latitiima,  while  Salix  viminalii  X  pvrpurta  is  more 
sensitive  to  frost  than  either  of  the  parent  species. 

These  facts  point  in  part  to  a  certain  weakness  of  constitution  which  is  a  peculiarity 
of  the  hybrid  as  a  result  of  its  abnormal  origin  and  in  part  to  an  extraordinary  vegeta- 
tive vigor.  An  explanation  of  the  last  phenomenon,  which  has  been  observed  much 
more  frequently  than  the  weakness,  has  only  recently  been  found.  The  noteworthy 
experiments  of  Knight,  Lecoq,  and  others  have  been  familiar  for  some  time,  but 
only  through  the  painstaking  experiments  of  Charles  Darwin  has  the  benefit  of  a 
cross  between  individuals  and  races  of  one  and  the  same  species  been  clearly  demon- 
Btrated.  The  intensification  of  v^etative  vigor  in  species  hybrids  is  obviously  a  cor- 
responding experience  which  requires  do  especial  explanation  on  the  basis  of  peculiar 
conditions  in  hybrids.    It  was  formerly  believed  that  the  decreased  sexual  fertility  of 
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hybrids  was  compensated  by  a  greater  vegetative  luxuriance,  a  conceptioii  the  untena- 
bility  of  which,  as  G&rtner  showed,  is  lefu ted  in  the  aimplest  maimer  by  the  experience 
that  Diany  of  the  meet  fertile  croeaes  (D&tuia,  Mirabilia)  are  at  the  same  time  chatacter- 
ized  by  the  ino«t  excemive  stature. 

THE  WORK  OF  DABWIN. 

Through  Darwin's  work  we  get  a  very  different  insight  into  the 
meaning  of  cross  and  self  fertilization.  At  the  beginning  of  his 
work  the  knowledge  on  the  subject  gained  from  the  experiments  and 
observations  of  the  older  hybridists  might  be  summed  up  in  one 
sentence:  Croases  between  varieties  or  between  species  often  give 
hybrids  with  a  greater  vegetative  vigor  than  is  possessed  by  either 
parent.  To  be  sure  there  was  also  a  belief  that  ill  effects  result 
from  inbreeding,  but  this  belief  was  generally  confined  to  the  animal 
kingdom.  At  the  end  of  Darwin's  brilliant  experiment,  or,  rathefj 
brilliant  analyses  of  simple  but  great  experiments,  not  a  single  point 
of  the  many  ramifications  into  which  the  problem  may  be  divided 
but  had  been  fully  covered.  Unfortunately  Mendel's  experiments 
were  unknown,  and  the  master  key  of  the  situation  was  not  available 
to  him.  Had  it  been  we  can  not  doubt  that  he  would  have  made 
good  use  of  it. 

Darwin's  interest  in  the  subject  arose  of  course  from  its  connection 
with  the  problem  of  evolution.  If  the  offspring  from  a  cross-fertiliza- 
tion has  an  advantage  over  the  offspring  of  a  self-fertilization  in  the  * 
struggle  for  existence,  one  can  hardly  doubt  the  power  of  natural 
selection  in  fixing  the  structures  of  Sowers.  And  this  being  granted, 
it  is  obvious  that  in  many  flowers  mechanical  devices  to  procure 
cross-fertilization  would  have  been  developed.  Having  found  this 
to  be  the  case  in  several  plants,  he  bent  all  his  ene^es  to  interpreting 
all  flower  structures  in  the  same  manner.  As  stated  before,  the 
fascination  of  the  work  thus  initiated  has  brought  us  a  huge  litera- 
ture on  the  subject,  some  of  the  ai^uments  of  which  are  fantastic  to 
say  the  least.  Darwin  himself  never  allowed  his  conclusions  to  get 
ahead  of  his  facts,  a  trait  that  his  followers  did  not  always  copy. 
He  firmly  believed  that  self-fertilization  was  so  injurious  that  plants 
depraident  upon  it  must  ultimately  perish,  but  he  frankly  admitted 
the  obstacles  which  self-fertilized  families  like  Leguminosse  placed 
in  the  way  of  his  conclusions.  If  he  had  known  of  the  vigorous 
plants  that  reproduce  apogamously  no  doubt  he  would  have 
r^arded  the  obstacles  more  seriously  than  he  did.  Nevertheless 
one  must  admit  that  at  that  time,  considering  the  importance  of 
placing  evolution  on  an  impregnable  foundation,  Darwin  did  not 
overstate  his  conclusions.  He  proved  conclusively  the  advantage 
of  cross-fertilization  and  the  numerous  means  by  which  it  is  obtained. 
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If  he  did  not  distinguish  between  the  advantage  a  process  may  hold 
forth  and  the  necessity  of  that  process,  it  was  because  he  was  not 
in  possession  of  all  the  facts.  One  does  not  criticize  Darwin,  there- 
fore, if  in  a  careful  examination  of  his  data  in  the  %ht  of  modem 
knowledge  many  facts  are  found  that  may  reasonably  have  some- 
what <lifferent  Interpretations  than  those  originally  given. 

The  first  point  we  will  consider  is  the  benefit  arising  from  cross- 
fertilization.  It  must  be  granted  from  the  data  already  presented 
that  an  increase  in  vigor  generally  results  when  different  species 
or  markedly  different  varieties  are  crossed.  It  is  also  perfectly 
obvious  that  many  plants  are  naturally  designed  for  cross-fertili- 
zation. It  can  hardly  be  argued,  however,  that  specific  crosses 
could  have  had  a  widespread  value  in  the  course  of  evolution.  It  must 
be  shown,  therefore,  that  in  plants  not  widely  different  in  character 
cross-fertilization  shows  an  advantage  over  self-fertilization.  In 
Table  A  ("Cross  and  Self  Fertihsation,"  p.  240)  Darwin's  results 
on  this  subject  are  given.  To  be  fair,  15  of  these  experiments 
should  be  discarded,  because  the  number  of  plants  measured  in  the 
comparison  between  those  crossed  and  those  selfed  is  less  than  five. 
There  are  37  experiments  left.  Of  these,  the  crossed  plants  were 
higher  in  24  cases,  provided  on  error  of  5  per  cent  is  allowed.  In 
13  cases,  then,  cross-fertilization  showed  no  definite  advantage. 

In  Table  B,  where  the  weights  of  entire  plants  are  considered, 
cross-fertilization  showed  to  advantage  in  5  experiments  out  of  8. 
From  these  data  it  seems  logical  to  argue  that  cross-fertilization 
between  nearly  related  plants  is  often  a  benefit,  yet  since  types  that 
are  self-pollinated  in  nature — legumes,  wheat,  tobacco,  etc. — are 
among  the  most  vigorous  of  living  plants,  it  can  not  be  said  to  be 
indispensable.  Furthermore,  about  25  of  our  most  vigorous  species 
of  angiosperms  have  given  up  sexual  reproduction  either  partially 
or  entirely  and  have  become  apogamous. 

Did  the  simple  act  of  crossing  produce  these  beneficifd  results  1 
If  so,  why  was  the  advantage  due  to  cross-fertilization  not  general 
and  without  exception?  Darwin  himself  answered  these  questions. 
He  says  Ooc.  cit.,  p.  269): 

A  croes  betweeo  ptantfi  that  have  been  self-fertilized  during  aevenil  succeasive  gen- 
enktioQS  and  kept  all  the  time  under  nearly  uniform  conditioas  does  not  benefit  tfae 
oSepring  in  the  leaat,  or  only  in  a  very  eiight  degree.  Mimulus  and  tlie  deBcendantE 
of  Ipomoea  named  Bcro  o^er  instances  of  this  rule.  Again,  plants  eelf-fertilized 
durii^  several  generations  profit  only  to  a  small  extent  by  a  cross  witli  intercrcssed 
plants  of  the  same  stock  (as  in  the  case  of  Dianthus)  in  comparison  with  the  effects 
of  a  cross  by  a  fresh  stock.  Plants  of  tfae  same  stock  intcrcroesed  during  several  gen- 
erations (as  witfa  Petunia)  were  inferior  ina  marked  manner  in  fertility  to  those  derived 
from  the  corresponding  self-fertilized  plants  crossed  by  a  fresh  stock.  Lastly,  certain 
plants  which  are  ref^ularly  intcTT^rossed  by  insects  ina  state  of  nature  and  which  were 
artificially  crossed  in  each  succeeding  generation  in  the  course  ot  my  expeiimenbi,  so 
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thftt  they  can  never  or  moet  rarely  have  suffered  any  evil  from  self-fertilization  (as 
with  Eachscholtzia  and  Ipomoea),  nevertheleee  profited  greatly  by  a  cro«  with  a  freeh 
stock.  These  several  caaes  taken  together  show  us  in  the  clearest  manner  that  it  is 
not  the  mere  croeaing  of  any  two  individuals  which  is  beneficial  to  the  ofbpring.  The 
benefit  thus  derived  depends  on  the  plants  which  are  united  differing  in  some  manner, 
and  there  can  hardly  be  a  doubt  that  it  ia  in  the  conntitution  or  nature  of  the  sexual 
elements.  Anyhow,  it  is  certain  that  the  differences  are  not  of  an  external  nature, 
fur  two  planU  which  leeemble  each  other  aa  cloeely  as  individuals  of  the  same  apeciee 
ever  do  profit  in  the  plainest  manner  when  intercroeaed  if  their  progenitorB  have  been 
exposed  during  several  generations  to  different  conditions. 

In  Other  experiments  that  Darwin  performed  it  was  shown  conclu- 
sively that  crosses  between  individual  flowers  borne  on  the  same 
plant  conferred  no  benefit  whatever  on  the  progeny.  It  is  evident, 
therefore,  since  plants  may  differ  in  nonvisible  transmissible  charac- 
ters, that  differences  in  transmissible  factors  alone  account  for  the 
benefit  produced  by  crossing  and  are  indispensable  to  its  occurrence. 
This  is  clearly  shown  by  the  fact  that  even  types  naturally  self- 
fertilized,  such  as  the  garden  pea  (Pisum  softvum),  showed  a  remark- 
able increase  in  vigor  when  entirely  different  strains  were  crossed. 
We  may  well  believe,  then,  that  if  Darwin's  plants  used  in  his  Table' 
A  had  all  been  heterozygous  at  the  start  they  woidd  all  have  showed 
a  considerable  difference  in  favor  of  the  progeny  of  those  continually 
cross-fertihzed.  Furthermore,  leaving  out  of  consideration  our  own 
beliefs,  a  study  of  his  own  experiments  (Ipomoea)  shows  that  if  his 
comparisons  had  been  kept  up  for  a  considerable  number  of  genera- 
tions the  cross-fertilized  stocl^  would  have  become  so  nearly  hke  the 
self-fertilized  stocks  in  constitution  that  the  advantage  due  to  cross- 
fertilization  would  have  been  small.  But  to  this  point  we  shall 
again  recur. 

Let  us  now  consider  whether  the  known  effects  of  inbreeding  and 
crossbreeding  are  manifestations  of  the  same  phenomenon.  In 
"Animals  and  Plants  Under  Domestication"  he  says  (vol.  2,  p.  89): 

The  gain  in  constitutional  vigor  derived  from  an  occasional  cross  between  indi- 
viduals of  the  same  variety  but  belonging  to  different  families,  or  between  distinct 
varieties,  has  not  been  so  largely  or  eo  frequently  discussed  as  hav«  the  evil  effects 
of  too  cloee  interbreeding.  But  the  former  point  is  the  more  important  of  the  two, 
inasmuch  aa  the  evidence  is  more  decisive.  The  evil  resulta  from  close  interbreeding 
are  difiScuit  to  detect,  for  they  accumulate  slowly  and  differ  much  in  d^ree  with 
different  speciee,  whilst  the  good  effects  which  almost  invariably  follow  a  cross  are 
from  the  first  manifest.  It  should,  however,  be  clearly  understood  that  the  advantage 
of  cloee  interbreeding,  as  far  as  the  retention  of  character  is  concerned,  is  indisputable 
and  often  outweigjbs  the  evil  of  a  slight  loa  of  constitutional  vigor. 

It  is  obvious  that  Darwin  believed  in  a  definite  accumulation  of 
evil  effects  from  self-fertilization,  but  his  experiments  do  not  justify 
this  view.  He  is  perfectly  correct  in  saying  that  the  good  effects 
of  crossing  are  immediately  evident.  This  is  clear  when  it  is  remem- 
bered that  if  two  plants  differ  in  several  transmissible  allelomorphs 
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the  first  hybrid  generation  is  heterozygous  in  all  these  characters, 
while  future  generations  as  a  whole  are  heterozygous  in  only  part 
of  these  characters.  Furthermore,  one  may  cross  two  plants  dilTering 
but  sUghtly  and  obtain  only  a  small  increase  in  size;  he  may  then 
recross  with  a  third  plant  of  widely  different  nature  and  obtain  a 
great  increase.  When  one  inbreeds,  however,  he  relies  on  chance 
combinations  to  eliminate  heterozygosis.  This  occurs  through  the 
action  of  the  laws  governing  probabilities.  Many  heterozygous 
combinations  are  eliminated  at  once.  This  lowers  the  number  of 
such  combinations,  and,  while  the  percentage  of  elimination  is  the 
same,  the  effect  of  the  inbreeding  decreases.  Complete  homozygosis 
is  approached  as  a  variable  approaching  a  limit.  It  may  be  illus- 
trated by  the  old  story  of  the  dog  decreasing  the  distance  from  the 
hare  by  half  at  each  jump.  The  effects  of  inbreeding,  therefore, 
appear  to  accumulate,  while  the  effects  of  crossbreeding  are  imme- 
diately manifest.  But  is  the  apparent  accumulation  of  evil  effects 
real?  And  are  the  effects  evil?  Our  interpretation  is  that  the 
effects  of  inbreeding  are  not  to  accumulate  ill  effects,  but  to  isolate 
homozygous  strains.  One  does  away  with  a  stimulus  due  to  hetero- 
zygosis, and  one  sometimes  isolates  strains  with  poor  transmissible 
qualities.  But  one  also  isolates  good  strains;  strains  that  remain 
good  in  spite  of  continued  self-fertUization.  In  other  words,  the 
apparent  evil  effects  of  self-fertUization  decrease  directly  with  the 
number  of  generations  it  is  practiced,  due  to  the  increase  in  homo- 
zygosis. On  the  theory  entertained  by  us  it  should  come  to  an  end 
with  complete  homozygosis;  practically,  complete  homozygosis  is 
difficult  to  obtain. 

Did  such  a  decrease  in  deterioration  actually  occur  in  Darwin's 
experiments  as  they  were  increased  in  duration?  They  did.  Dar- 
win himself  noted  the  point.  He  says  ("Cross  and  Self  Fertilisar 
tion,"  p.  55): 

As  the  plante  which  were  ael [-fertilised  in  each  eucceeding  generation  neceeearily 
became  much  more  cloeely  interbred  in  the  later  than  in  the  earlier  generations,  it 
mi^t  have  been  expected  that  the  difference  in  height  between  them  and  the  croeeed 
plants  would  have  gone  on  increasing;  but  so  far  was  this  from  being  the  case  tliat  the 
difference  between  the  two  eets  of  plants  in  the  seventh,  ei^th,  and  ninth,  genem- 
tiona  taken  together  is  less  than  the  first  and  second  (and  third)  taken  together. 

This  statement  was  made  concerning  his  experiments  with  Ifo- 
moea  purpurea,  which  were  continued  for  10  generations.  The  ratio 
of  heights  of  crossed  to  heights  of  selfed  plants  varied  from  100  to  68 
in  the  third  generation  to  100  to  86  in  the  fourth  generation,  but  in 
the  ninth  generation  the  ratio  was  100  to  79,  which  is  higher  than 
that  of  the  first  generation.  The  tenth  generation  was  indeed  low, 
but  it  may  with  all  fairness  be  rejected,  for  Darwin  states  that  the 
plants  were  diseased. 
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We  know,  further,  that  Darwin  was  not  dealing  with  the  same 
strain  at  the  end  of  his  experiments  that  he  was  at  the  beginning. 
This  change  was  due,  as  we  now  know,  to  the  elimination  of  Mende- 
lian  segregates.  The  plants  in  the  beginning  varied  greatly  in  the 
color  of  their  flowers.  Indeed,  they  varied  during  the  whole  time 
of  experimentation;  but  the  color  of  the  later  generations  was  much 
more  uniform  than  that  of  the  earlier  generations.  The  selfed  gen- 
erations were  so  uniform,  in  fact,  that  his  gardener  said  "they  did 
not  need  to  be  labeled." 

la  this  experiment  as  well  as  in  those  with  other  species,  such  as 
Mimuha  Ivieus  and  N'iefAiaria  tabacum,  remarkably  vigorous  self- 
fertihzed  types  appeared.  It  may  be  that  new  transmissible  varia- 
tions arose,  but  it  is  unnecessary  to  assume  it.  One  may  account 
for  every  result  obtained  by  Darwm  by  granting  the  isolation  of 
homozygous  Mendelian  segregates,  accompanied  by  loss  of  the  vigor 
due  to  heterozygosis  through  self-fertilization. 

&EOSKT  mVESnaATIONS. 

Since  the  time  of  Darwin,  several  writers,  whose  results  will  be 
discussed  later,  have  investigated  the  effect  of  inbreeding  on  animals. 
Botanists,  however,  have  la  general  been  interested  only  in  the  super- 
ficial results  of  inbreeding  and  crossbreeding  and  have  made  no 
attempts  until  recently  to  bring  together  and  to  correlate  our  knowl- 
edge regarding  them. 

In  !905,  Shull  and  the  senior  writer  each  started  independent  inves- 
tigations concerning  the  effects  of  inbreeding  in  maize,  which  may  be 
regarded  as  an  ideal  cross-fertilized  species.  To  supplement  these 
experiments  We  have  made  a  large  series  of  crosses  with  species  of 
the  genus  Nicotians  which  are  generally  self-fertilized,  as  well  as 
minor  observations , on  other  plants.  We  will  not  discuss  our  previ- 
ous papers  (East,  1907,  1908,  1909,  1910;  Hayes  and  East,  1911)  as 
the  present  paper  gives  a  rfeum6  of  those  experiments.  Concerning 
Shull's  work  (1908,  1909,  1910,  1911),  we  wish  to  quote  his  own  con- 
clusions for  they  are  stated  very  concisely.  Furthermore,  ShuH's 
data  and  our  own,  independently  obtained,  are  corroborative  in  every 
detail  and  therefore  have  greater  weight  than  either  alone.  Even 
the  additional  conclusions  drawn  from  the  data  presented  in  this 
paper  are  largely  an  apphcation  of  the  earlier  analysis  to  the  broader 
problems  that  are  legitimately  concerned. 

Shull's  conclusions  np  to  the  year  1910  are  summarized  by  him 
as  follows  (Shull,  1910): 

(1)  The  progeny  of  every  self- fertilized  com  plant  is  of  inferior  size,  'vigor,  and  pro- 
ductivaneaa  Ba  compared  with  the  progeny  of  a  normally  ctoflsbred  plant  derived  from 
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tbe  same  source.    Thia  ia  true  when  the  chosen  parent  ia  above  the  average  condi- 
tion OB  well  ae  when  below  it. 

(2)  The  decrease  in  size  and  vigor  which  accompauie«  self-fertilij^tion  in  the  great- 
est in  the  first  generation  and  becomes  lew  and  leee  in  each  succeeding  generation 
until  a  condition  ie  reached  in  which  there  is  (presumably)  no  more  loss  of  vigw. 

(3)  Self-fertOized  families  from  a  common  <nigin  diSer  from  one  another  in  definite 
hereditary  morphological  characteTe. 

(4)  R^reesion  of  fluctuating  chan>ct«rB  has  been  observed  to  take  place  away  from 
the  comm<m  mean  or  average  of  the  several  families  instead  of  towsid  it. 

(5)  A  cross  between  sibs  (sister  and  brother)  within  a  aelf'fertilized  famUy  shows 
little  or  no  improvement  over  self-fertilization  in  the  same  family. 

(6)  A  cross  between  plants  belonging  to  two  self-fertilized  families  results  in  a 
progeny  of  as  pvat  vigor,  size,  and  productiveness  as  are  possessed  by  families  which 
had  never  been  sell-fertilized. 

(7)  The  reciprocal  crosses  between  two  distinct  self-fertilized  families  are  equal 
and  poesees'  the  characters  of  the  ordinal  com  with  which  the  experiments  were 

(8)  The  F[  generation  trem  a  combination  of  plants  belonging  to  certain  seli-tertilized 
families  produces  a  yield  superior  to  that  of  the  original  crossbred  stock. 

(9)  The  yield  and  quality  of  the  crop  produced  are  functions  of  the  particular  com- 
bination of  self-fertilized  parental  types  and  theee  qualities  remain  the  same  whenever 
the  cross  is  repeated. 

(10)  The  Fi  hybrids  are  no  more  variable  than  the  pure  strains  which  enter  into 

(11)  The  F,  shows  much  greater  variability  than  the  F,. 

(12)  The  yield  per  acre  of  the  F,  is  lees  than  that  of  the  F,. 

We  should  also  like  to  quote  Shull  (1911)  upon  one  important 
point  upon  which  we  have  but  few  data: 

Necessary  corollaries  of  the  view  that  the  d^ree  of  vigor  is  dependent  on  the  degree 
of  hybridity  or,  in  other  words,  that  it  is  dependent  rou^ly  upon  the  number  of 
heterozygous  elements  present  and  not  upon  any  injurious  effect  of  inbreeding  per  se 
are  (a)  that  when  two  plants  in  the  same  self- fertilized  family,  or  within  the  same 
genotype,  however  distantly  the  choeen  individuals  may  be  related,  are  bred  together 
there  shall  be  no  increase  of  vigor  over  that  shown  by  self-fertilized  plants  in  the  same 
genotype,  since  no  new  hereditary  element  is  introduced  by  such  a  cross;  (b)  tbat  fiist- 
generation  hybrids  produced  by  croasii^  individuals  belonging  to  two  self-fertilized 
lines  or  pure  genotypes  will  show  the  highest  degree  of  vigor  possible  in  progenies 
representing  combinations  of  those  two  genotypes,  because  in  the  first  generation 
every  individual  will  be  heterozygous  with  respect  to  all  of  the  charactem  which  dif- 
ferentiate the  two  genotypes  to  which  the  chosen  parents  belong,  while  in  subsequent 
generations  recombinations  of  these  characters  will  increase  the  average  number  of 
heterozygous  genes  present  in  each  individual;  (c)  that  crosses  between  sibs  (sister 
and  brother)  amcnig  the  first-generation  hybrids  between  two  genotypes  will  yield 
progenies  having  the  same  characteristics,  the  same  vigor,  and  the  same  degree  of 
heterogeneity  as  will  be  shown  by  the  progenies  of  self-fertilized  plants  belonging  to 
the  same  first-generation  family. 

All  of  these  propositions  have  now  been  tested  in  a  limited  way.  In  1910,  nine 
different  self- fertilized  families  were  compared  with  nine  crosses  between  sibs  within 
the  same  self-fertilized  family;  ten  crosses  between  sibs  in  F,  families  were  compared 
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with  ton  Mlf-fmtiliz&tioas  in  the  a&me  F,  families;  seven  familiee  were  raised  aa  fifHt- 
generation  hybrids  b«tw«en  individuals  belonging  to  different  setf-fertilized  families; 
and  ten  families  were  grown  in  which  self-fertilixation  had  been  entirely  precluded 
during  the  past  five  yeats.  The  average  height  of  plants  in  decimeters,  the  average 
number  of  rows  per  ear,  and  the  average  yield  in  buehels  per  acre  in  these  55  families 
are  given  in  the  following  table: 
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nit. 

SellMX 

Blbe. 

F.. 

Ffc 

F.XMlf. 

a. 

ss 

h.h.l.t 

20.04 

SO-OO 
11.20 
30.17 

zs.ao 

14.41 

n 

is.ai 

II 

An  examination  of  this  table  indicates  to  me  that  on  the  whole  my  self-fertilized 
families  aie  not  yet  quite  pure  bred;  for  the  sib  crosses  give  on  the  average  a  sli^tly 
greater  height,  number  of  rows  per  ear,  and  yield  per  acre  than  the  coiresponding 
•elf-fertilized  families  as  shown  by  a  comparison  of  the  fint  two  columns  of  the  table. 
The  same  fact  is  apparent  from  a  comparison  of  the  "F,  X  self"  and  "F,  X  aibs" 
columns,  except  that  in  thiscaae  the  heights  and  number  of  rows  per  ear  are  essentitilly 
equal  while  the  yield  per  acre  is  significantly  higher  in  the  sib  croeaee  than  in  the 
self-fcftilized  families. 

These  statements  should  be  sufficient  to  indicate  ShuU's  work 
and  point  of  view.  Other  writeiB  have  proposed  methods  designed 
to  utilize  commercially  the  increase  in  vigor  shown  by  first-generation 
hybrids,  and  at  least  two  other  theoretical  interpretations  of  this 
increase  have  been  submitted  (Jost,  1907;  and  Eeeble  and  Pellew, 
IdlO).  These  papers  will  be  considered  later.  We  will  now  take  up 
the  data  obtained  in  our  own  experiment^. 


EFFECTS   OF    INBREEDING. 


In  these  expeiiments  over  30  varieties  of  maize,  including  all  the 
varieties  widely  differentiated  from  each  other,  have  been  artificially 
self-fertilized  for  from  one  to  seven  generations.  In  every  case  a 
loss  of  vegetative  vigor  has  followed.  At  least,  following  the  earlier 
usage,  one  may  say  the  result  is  a  loss  of  vigor  if  it  is  kept  clearly  in 
mind  that  pathological  degeneration  is  not  what  is  meant.  The 
universal  decline  in  vigor  consists  simply  in  a  somewhat  less  rapid 
cell  division  or  slower  growth  and  a  smaller  total  amount  of  cell 
division  resulting  in  smaller  plants  and  plant  organs. 

Besides  this  phenomenon,  to  which  there  has  been  no  exception, 
the  progeny  always  become  more  or  less  differentiated  in  normal 
morphological  characters,  although  this  is  less  marked  in  some  varie- 
ties than  in  others.    For  example,  from  the  yellow  dent  variety  known 
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as  Learning  various  strfuns  diSering  in  the  following  characters  have 
been  isolated  during  the  several  generations  that  they  have  beeniiibred : 

R«(t  pericarp  and  colorless  pericarp 

E«d  cob  and  colorless  cob. 

Bad  silks  and  colorieRB  Hilks. 

Red  glumes  and  colorleaa  glumes. 

Profusely  bmnched  tasseb  and  scantily  branched  laasels. 

Long  ears  and  short  ears. 

Ears  witb  various  numbers  of  rows. 

Eare  with  large  eeede  and  ears  with  small  needs. 

Bars  with  straight  rows  and  ears  with  crooked  rows 

Bare  high  on  the  slatk  and  earn  low  on  Ute  stalk. 

Stalks  wilb  many  tillers  and  stalks  witb  few  tillers. 

Other  minor  <lifFerences  have  been  observed,  but  these  will  serve 
to  show  just  what  is  meant  by  "normal  diiferenees."  There  were 
also  differences  in  yield  of  seed — described  later  in  this  bulletin — 
some  of  which  may  not  seem  to  be  normal  in  character  at  first  thought, 
but  which  we  hope  to  show  are  not  less  normal  than  those  given 
above. 

Besides  tDese  variations,  aberrant  individuals  appeared  in  a  few 
strains  with  characters  which  might  well  be  called  abnormal;  that  is, 
they  are  monstrous  characters.  But  this  does  not  mean  that  they 
might  not  have  originate<l  in  the  same  manner  as  normal  characters, 
for  they  are  transmitted  as  such.  Two  of  these  characters,  fasciated 
ears  and  bifurcated  cobs,  show  a  simple  Mendelian  segregation  with 
incomplete  dominance;  two  others,  striped  leaves  and  dwarf  plants, 
are  probably  recessives,  ft  is  possible,  however,  that  one  form  of 
striped  leaf  is  the  heterozygote  between  pure  white  and  normal 
green.  It  may  be  that  the  first  two  of  these  abnormalities  are  not 
simply  isolated  as  Mendelian  segregates.  They  have  also  appeared 
in  commercial  varieties  grown  on  very  fertile  soil,  a  fact  that  suggests 
their  origin  through  interference  with  normal  processes  of  cell  divi- 
sion, acceleration  in  one  case  and  retardation  in  the  other. 

The  variability  of  the  strains  in  the  above  characters  decreased  as 
inbreeding  was  continued,  until  after  four  generations  they  were 
practically  constant  for  all  grosser  characters.  This  does  not  mean 
that  physiolo^cal  fluctuation  was  not  as  great  as  in  the  original 
strain.  It  was  not  reduced  in  the  least  degree.  Nor  can  it  be  said  that 
no  new  heritable  variations  arose.  Certain  variations  did  appear 
wliich  may  have  been  new  to  the  strain — witness  the  fasciated  ears — 
but  of  this  one  could  not  be  certain.  Furthermore,  it  is  not  meant  that 
after  four  or  five  generations  of  inbreeding  a  tj'pe  is  homozygous  in  all 
of  its  characters.  Such  a  gametic  condition  is  theoretical  and  could 
never  be  recognized  in  a  pedigree  culture.    But  near  homozygotes  or 
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Dear  homo^gous  genotypes  are  obtained  without  selection  simply 
by  inbreeding.    The  reason  for  this  is  simple. 

Mendel  in  his  ori^al  paper  showed  that  if  equal  fertility  of  all 
plants  in  all  generations  is  assumed  and,  furthermore,  if  every  plant 
is  always  self-fertilized  then  in  the  n""  generation  the  ratio  of  any  par- 
ticular allelomorphic  pair  (A,  a)  would  be  2"— I  AA:2  A  o:2"~l  a  a. 
If  we  consider  only  homozygotee  and  heterozygotes,  the  ratio  is 
2"— 1:1.  Of  course  the  matter  is  not  quite  so  simple  when  several 
allelomorphs  are  concerned,  but  in  the  end  the  result  is  similar. 
Heterozygotes  are  eliminated  and  homozygotes  remain.  The  prob- 
able number  of  homozygotes  and  any  particular  class  of  hetero- 
zygotes in  any  generation  r  is  found  by  expanding  the  binomial 
[H-(2'— ]>]"  where  n  represents  the  number  of  character  pairs 
involved.  The  exponent  of  the  first  term  gives  the  number  of  hetero- 
zygous and  the  exponent  of  the  second  term  the  number  of  homo- 
zygous characters.  As  an  example,  suppose  we  desire  to  know  the 
probable  character  of  the  fifth  segregating  generation  (F^  when 
inbred,  if  three  character  pairs  are  concerned.  Expanded  we  get 
1'  +  3[1"{31)H-3[1(31)']  +  (31)». 

Reducing,  we  have  a  probable  fifth-generation  population  consisting 
of  1  heterozygous  for  three  pairs;  93  heterozygous  for  two  pairs; 
2,883  heterozygous  for  one  pair;  29,791  homozygous  in  all  three 
character  combinations. 

From  this  illustration  we  think  it  is  fairly  easy  to  see  that  no 
matter  in  how  many  characters  a  plant  is  heterozygous,  continued 
inbreeding  will  sooner  or  later  eliminate  them.  Close  selection,  of 
course,  tends  toward  the  same  end,  but  not  with  the  rapidity  or  cer- 
tainty of  self-fertilization. 

Inbreeding  a  naturally  crossbred  plant,  then,  has  these  results: 

(1)  There  is  partial  loss  of  power  of  development,  causing  a 
reduction  in  the  rapidity  and  amount  of  cell  division.  This  phe- 
nomenon is  universal  and  therefore  can  not  be  related  to  inheritance. 
Further,  it  continues  only  to  a  certain  point  and  is  in  no  sense  an 
actual  degeneration. 

(2)  There  is  an  isolation  of  aubvarieties  differing  in  morphological 
characters  accompanying  the  loss  of  vigor, 

(3)  There  is  often  regression  away  from  instead  of  toward  the  mean 
of  the  general  population. 

(4)  As  these  subvarieties  become  more  constant  in  their  characters 
the  loss  of  vigor  ceases  to  be  noticeable. 

(5)  Normal  strains  with  such  hereditary  characters  that  they  may 
be  called  degenerate  strains  ore  sometimes,  though  rarely,  isolated. 
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(6)  It  19  possible  that  pure  strains  ra&y  be  isolated  that  are  so 
lacking  in  vigor  that  the  mechanism  of  cell  division  does  not  properly 
perform  its  function,  and  abnormalities  are  thereby  produced. 

The  maize  f amiUes  shown  in  Table  I  illustrate  some  of  these  facts, 
if  the  yield  of  shelled  com  per  acre  is  taken  as  a  basis  of  comparison 
of  vigor.  These  famihes  are  not  selected  to  fit  a  theory,  but  include 
representatives  of  four  of  the  great  subdivisions  of  the  species  out  of 
those  grown  in  sufficient  quantity  to  give  considerable  confidence  in 
the  determination  of  yield.  Many  other  types  have  been  inbred  for 
from  one  to  four  years,  but  neither  land  nor  time  was  available  to 
grow  them  in  large  quantities.  Their  behavior,  however,  was  the 
same.  Inbreeding  always  reduced  the  yield  of  seed  and  the  height 
and  delaj'ed  the  time  of  flowering.  In  general,  the  decrease  in  vigor 
lessened  with  the  inbreeding.  Further,  both  good  and  bad  struns 
were  isolated. 

Table  I. — Effai  o/inbreeding  on  the  yield  o/maite. 


Wi(»(in'a  flint  No.  B... 

No.S-8 

So.i-S-3 

8t»r0hrNo.l0i 


No.  l-«-l-3-l.. 


L«ainliig  dent — CoDtd , 


Z' 

So. 

-ia-i-1-* 

>  Two  selecUcHui  from  t 
'  PrDbaUyaaormal  fleli 


!r^ 


i;  of  this  ear  grown. 


The  different  families  were  all  planted  on  the  3ame  plat  under  uni- 
form conditions  each  season,  but,  unfortunately,  circumstances  made 
it  necessary  to  grow  them  upon  different  fields  each  season.  It  is 
therefore  necessary  to  take  into  consideration  the  differences  in  soil 
fertility  and  meteorological  conditions  each  year  to  see  the  truth  of 
our  conclusions,  namely,  that  continued  inbreeding  caused  only 
isolation  of  strains  of  varying  potency.  The  greatest  differences  in 
the  environmental  conditions  were  in  the  years  1908,  1909,  and  1911. 
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In  1908  the  land  used  was  highly  fertile  and  the  general  enTironmeutal 
conditions  much  above  the  normal.  Four  stalks  per  hill  were  grown 
this  season,  but  as  only  three  were  grown  in  other  years  the  actual 
yields  have  been  reduced  one-fourth.  Even  at  this  disadvantage 
the  yields  in  1908  are  probably  somewhat  hi^.  For  opposite  rea- 
sons, poor  soil  and  badly  distributed  runfall,  the  yields  of  1909  are 
somewhat  too  low  and  the  yields  of  1911  are  very  much  too  low. 
This  will  be  appreciated  if  the  low  yields  for  1911  are  examined  in 
Table  III. 

Since  the  data  on  the  Learning  dent  variety  are  the  most  interesting 
they  are  repeated  in  a  somewhat  different  fonn  in  Table  II.  There 
they  are  shown  in  a  regular  line  of  descent. 

Table  II. — EfftH  of  inhreeding  on  a  variety  oj Learning  dtnt  maize. 
(Yield,  tnbiuhrli,  DlsbsUedconiperKn.) 


Panmt  variety. 
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(1908) 
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(IB07) 

f      4R.0 

(1906) 

ts.i 

(leio) 

(iBii) 

».7 
(IBOB) 

88.1 
(IWO) 

(isii) 

42.3 

(IBOB) 

61.7 

(imj 

(l?&t 

v.^ 

(IBIO) 

26.0 

(1011) 

38.1 
<lBOe) 

aa.g 

(IBOT) 

(.2&? 

23.3 
(11)09) 

(1910) 

2.0 

tisii) 

X>.7 
CI90B) 

(IBM) 

(IWl)    1 

The  Learning,  a  well-known  commercial  dent  variety,  yielded  88 
bushels  per  acre  the  year  before  it  was  first  inbred.  The  season  was 
normal,  and  this  yield  may  be  considered  fairiy  typical  of  what  the 
variety  will  do  on  a  moderately  good  soil.  Four  ears  were  inbred 
and  were  grown  in  1906.  This  was  ^ain  an  average  year.  The  four 
strains  showed  marked  decreases  in  yield  and  notable  differences  in 
their  characters.  The  year  1907  was  again  an  average  year,  and  the 
second  inbred  generations  are  normal.  Two  strains  were  not  grown 
as  second  inbred  generations  until  1908,  however,  and  they  are  there- 
fore too  high.  In  1909  the  yields  are  too  low;  in  1910  normal,  and  in 
,  1911  much  too  low.  With  these  facts  in  mind,  an  examination  of  the 
tables  shows  how  the  strains  became  more  and  more  differentiated. 
The  first  strain,  No.  6,  is  a  remarkably  good  variety  of  com  even  after 
five  generations  of  inbreeding.  It  yielded  80  bushels  per  aero  in  1910. 
The  yield  was  low  in  1911,  but  since  all  yields  were  low  that  year  it  can 
28748"— Bui.  243—12 1 
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hardly  be  doubted  that  this  strain  will  continue  to  produce  good  nor- 
mal yields  ot  grain.  In  the  field,  even  in  1911,  the  plants  were 
uniformly  vigorous  and  healthy  and  were  especially  remarkable  for 
their  low  variability.  The  poorest  strain,  No,  12,  is  partially  sterile, 
never  fills  out  at  the  tip  of  the  ear  and  can  hardly  exist  alone.  In 
1911  it  yielded  scarcely  any  com  but  will  no  doubt  continue  its  exists 
ence  as  a  partly  sterile  variety.  Plate  I  shows  ears  and  tassels  of  an 
almost  sterile  stiain  isolated  by  inbreeding. 

CBOS8INO    INBRED   TYPES. 

When  two  of  these  inbred  strains  are  again  crossed,  the  Figeneration 
shows  an  immediate  return  to  normal  vigor.  The  plants  are  earlier 
and  taller,  and  there  is  a  greater  total  amount  of  drj'  matter  per 
plant.  For  example,  ia  Idll  the  average  height  of  all  the  strains  of 
inbred  Leaming  dent  was  84  inches  white  the  average  height  of  the 
16  hybrid  combinations  was  111  inches  and  the  height  of  the  shortest 
hybrid  combination  was  1  foot  greater  than  that  of  the  tallest  inbred 
strain. 

Table  III  gives  the  yields  of  shelled  com  per  acre  of  several  inbred 
types,  tc^ether  with  the  yields  of  many  firsb^eneratjon  crosses. 
Many  interesting  points  may  be  learned  from  this  table,  provided  it  is 
remembered  that  maize  is  greatly  influenced  by  environmental  con- 
ditions and  therefore  only  populations  grown  in  the  same  aeasoD 
should  be  compared  with  each  other.  For  this  reason  the  compari- 
sons between  fiist-generation  hybrids  and  the  unselected  commercial 
types  from  which  the  inbred  strains  came  are  not  to  be  given  too  great 
weight.  On  the  other  hand,  there  is  such  an  enormous  difference 
between  many  of  the  first-generation  hybrids  and  the  normal  com- 
mercial varieties  that  the  conclusion  that  the  former  are  often  better 
is  perfectly  just. 
Tablb  111. — Comparative  yieU*  of  inbred  tgpet  qf  maize  and  their  fir»t-generation  avttet. 
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Tassels  and  Ears  of  an  Almost  Sterile  Strain  of  Corn  Isolated  bv 
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Leamlng  dent  No. 
BweetNo.  19 


1-9),  Fi 

l-»J,Fi 

l-ei-l,  F,... 
1-0U,F,... 
l-e>-12,  I■I-- 


L«IDl■wd«ltt'12-4.... 

No.  (l^XI-J-n,  Fi 

Na  (l-exl-T-2),  F, 

No.  fl-6Xl-e-!),  Fi 

No.n-exi-iJ-2),Fi-..- 

No.<l-7-lXl-«).  Fi 

No.(l-7-lXl-7-a),Fi... 
No.h-7-lxl-»^,Fi... 
No.  (1-7-1X1-13-3),  Fi.. 
No.  (1-7-1  xl-l»^j,F|.. 

No.  ([-7-2x1-6),  Fi 

No.(l-7-2Xl-IZ-2),F,.. 

No.  (1-9-2X1-6),  Fi 

No.n-*-2XI-7-"   " 


No.  h-*-2xl-7-l),  Fi. .. . 
No.  (l-»-JX  1-12-2),  Pi... 
No.  (1-12-2X1-7-^,  F|... 
No.  (1-12-2X1-12-4),  Fi . . 


Attention  is  called  first  to  the  fact  tliat  in  combinations  (5  X 1-6) 
and  (1-12  X 1-9)  both  the  first  and  second  hybrid  generations  are 
grown  in  the  same  year.  The  first  hybrid  generation  gives  an  enor- 
mous increase  over  the  inbred  types.  The  second  hybrid  generation 
is  also  much  greater  than  the  inbred  strains,  but  recombination  with 
the  production  of  homozygotes  has  taken  place,  and  this  generation 
^ves  much  lower  yields  than  when  the  greatest  possible  heterozygosity 
existed  as  in  the  first  hybrid  generation. 

Attention  should  next  be  directed  to  the  results  of  1911,  when 
nearly  all  the  possible  combinations  of  the  inbred  Learning  strains 
were  made.  TTie  yields  of  the  inbred  types  given  are  those  with  one 
more  year  of  inbreeding  than  the  real  parents  of  the  fir3l>-generation 
hybrids.  But  considering  the  amount  of  previous  inbreeding  to 
which  they  had  been  subjected  this  probably  makes  but  little  differ- 
ence. As  stated  before,  the  yields  in  1911  were  very  much  reduced 
by  the  unfavorable  season,  and  this  too  must  be  given  due  weight  in 
studying  the  yields.  As  a  whole  the  combinations  into  which 
No.  1-7  was  introduced  were  the  best  while  those  into  which  the  poor 
type  No,  12  was  introduced  are  the  poorest.  Tlie  combination 
(1-7-1  X 1-12-4)  was,  however,  a  very  good  cross. 
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Possibly  a  question  may  arise  as  to  whether  the  fine  yields  of  the 
combination  (1-12x1-9)  in  1909  and  1910  and  the  poor  yields  of 
combination  (1-9-2x1-12-2)  in  1911  are  not  due  to  a  difference 
in  the  behavior  of  a  reciprocal  crossi  This  is  probably  not  the  correct 
reason,  for  in  general  there  is  no  difference  in  reciprocals.  No.  1-12 
was  further  inbred  when  the  combinations  grown  in  1911  were  made 
and  this  is  probably  the  cause  of  their  poor  showing.  In  the  earlier 
combination,  No.  1-12  undoubtedly  had  a  somewhat  different 
gametic  constitution  than  when  the  later  crosses  were  made.  Some 
essential  factor  may  have  been  eliminated,  therefore,  during  the 
further  inbreeding.  On  the  other  hand,  the  whole  explanation  may 
lie  in  the  poor  season  of  1911. 

The  marked  increase  in  productiveness  of  the  F,  hybrid  over  the 
parent  inbred  types  of  maize  is  well  shown  in  Plates  II  and  III,  while 
Plate  rV  illustrates  the  falling  off  in  productiveness  of  the  Fj  genera- 
tion as  compared  with  the  F,  generation  from  inbred  types.  Plate  V 
serves  to  show  the  striking  increase  in  vigor  of  the  Fi  generation  from 
a  cross  of  pure  lines. 

The  logical  conclusion  from  the  facts  brought  out  above  is  appar^ 
ently  that  good  inbred  strains  are  better  than  poor  ones  in  combina- 
tion, but  that  good  and  poor  strains  crossed  together  may  give  veiy 
strong  plants. 

BZFEBDCBirrS  ON  SPBOXES  OENBaALLT  SELF-FBBTIUZBD. 

As  experimental  material  that  contrasts  well  with  maize,  the 
genus  Kicotiana  was  selected.  This  genus  contains  a  large  number 
of  species  and  varieties,  most  of  which  have  flowers  adapted  to  self- 
fertihzation.  No  doubt  cross-fertilization  sometimes  occurs  in  most 
of  them,  but  it  is  not  the  rule. 

Seeds  of  several  species  and  many  varieties  were  obtained  from 
various  parts  of  the  World  through  the  kindness  of  a  number  of 
friends.  The  same  species  did  not  always  arrive  with  the  same 
name,  and  we  have  not  been  fortunate  enough  to  have  the  aid  of 
a  Nicotiana  specialist  in  their  identification.  We  have,  however, 
studied  them  in  pure-line  cultures  during  the  past  four  years  and 
have  compared  them  with  specimens  in  the  Gray  Herbarium  of 
Harvard  University.  This  gives  us  some  confidence  that  the  names 
used  are  in  accord  with  the  species  as  accepted  and  described  by 
Comes  in  his  "Monographie  du  Genre  Nicotiana,"  Naples,  1899. 

Many  crosses  have  been  made  between  different  varieties  within 
the  two  species  Nicotiana  tahacwm,  "Li.,  and  N.  maiica,  L.  Some  of  the 
varieties  of  N.  idhacwm  have  been  practically  identical  as  far  as 
external  appearance  is  concerned,  although  received  under  different 
names.    When  this  has  been  the  case,  the  results  have  been  varied. 
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For  example,  two  exceedingly  similar  varieties  may  give  hybrids 
with  no  greater  luxuriance  of  growth  than  the  pure  parent  strains; 
other  varieties  as  similar  in  appearance  may  give  hybrids  with  as 
much  aa  25  per  cent  greater  vigor  than  the  average  of  the  two  par- 
ents. In  this  case  the  criterion  of  greater  vigor  is  height  of  plant. 
If  one  accepts  the  old  view  that  nonrelationship  between  the  indi- 
viduals used  as  parents  is  the  reason  for  the  increased  vigor  of  the 
hybrids,  there  would  be  no  logical  reason  why  all  such  crosses  should 
not  show  the  same  condition.  If,  on  the  other  hand,  the  correct 
explanation  is  to  be  sought  in  the  simUarity  or  dissimilarity  of  the 
gametic  constitution  of  the  parents,  it  is  quite  evident  that  different 
crosses  among  varieties  similar  in  external  characters  may  behave  in 
a  different  manner.  Plants  having  a  close  genetic  relationship  with 
each  other — that  is,  descendants  of  a  previous  cross — may  be  quite 
different  in  gametic  constitution  and  therefore  show  an  increased 
vigor  in  the  F,  hybrid;  but  genetically  unrelated  plants  of  practi- 
cally the  same  gametic  constitution  may  be  obtained  from  different 
parts  of  the  world  under  different  names  and  not  be  expected  to 
show  an  increased  vigor  in  the  hybrid. 

An  example  of  the  amount  of  increase  in  height  in  crosses  between 
Nicotiana  rustica  hrazUta  Comes  and  N.  rugHca  scabra  Comes,  both 
obtained  from  Italy,  is  shown  in  Table  IV. 
Tabi-b  IV— Height  of  o 
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The  reciprocal  crosses  both  showed  a  marked  tendency  to  advance 
the  mode  until  in  each  case  it  is  higher  than  the  highest  plant  of  the 
taller  parent.  Different  strains  of  JV.  tobocum  var,  "Sumatra,"  of 
JV.  to&ocum  var.  "Havana,"  and  of  JV.  Tusiim.  var.  brazilia,  identical 
in  external  appearance,  obtained  both  from  the  same  locaUty  and 
from  opposite  parts  of  the  world,  have  also  shown  increased  height 
when  crossed.  On  the  other  hand,  strains  of  N.  tohax!wm  varieties 
"Sumatra"  and  "Havana,"  from  seed  of  plants  grown  in  Connecti- 
cut, when  crossed  with  like  varieties  from  seed  of  plants  grown  in 
Italy  have  shown  no  increase  in  vigor.  Accounts  of  other  similar 
crosses  could  be  given,  but  it  seems  unnecessary  to  multiply  exam- 
ples. We  will  therefore  pass  to  a  consideration  of  the  specific  crosses 
shown  in  Table  V. 
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The  voluminous  data  that  have  been  collected  on  these  hybrids 
have  been  condensed  and  approximated  ao  that  they  include  only 
facts  germane  to  the  matter  in  hand.  Those  crosses  designated  as 
not  having  genninated  are  crosses  in  which  seed  was  obtained,  but 
from  which  no  plant  was  obtwned  from  a  planting  of  at  least  one 
hundred  seeds.  In  some  of  these  crosses  the  seed  waapoorly  formed 
(without  embryo)  and  one  may  say  conclusively  that  they  would 
never  produce  plants.  Other  crosses  gave  fully  mature,  perfect  seed 
which  did  not  germinate.  Possibly  the  proper  conditions  for  their 
germination  were  not  obtained.  At  least  it  would  be  rash  to  conclude 
that  all  of  the  crosses  of  which  the  seed  did  not  germinate  would 
never  produce  plants  under  any  conditions.  But  it  is  proper  to  say 
that  some  crosses  are  possible  in  which  the  hybrid  plant  reaches  no 
further  than  the  seed  stage.  A  few  hybrids,  viz,  NicoHana  tabacum  X 
N.  panicvlata,  N.  ru^tieaX  N.  dlata  grandifiora,  etc.,  germinated  and 
produced  a  few  weak  plants  that  died  before  flowering.  There  were 
still  others  that  produced  mature  plants,  but  plants  shorter  than 
either  pareiit  and  weak  in  character.  By  far  the  majority  of  the 
hybrids,  however,  were  taller  than  the  average  of  the  parents  and 
many  were  taller  than  either  parent.  The  luxuriance  of  their  growth 
was  also  such  that  they  may  be  said  to  be  more  vigorous  than  either 
parent.  Plate  VI  shows  the  result  of  a  cross  between  Nicotiiana 
tahaaim,  var.,  and  Nieotiana  aUveatris. 

One  gets  the  idea  from  a  survey  of  the  crosses  in  this  genus  that 
there  are  (a)  plants  so  different  that  they  will  not  cross;  (b)  crosses 
that  produce  seed  that  contain  no  proper  embryo;  (c)  crosses  that 
produce  seed  with  embryo,  but  which  go  no  further  than  the  resting 
stage  of  the  seed;  (d)  crosses  less  vigorous  than  either  parent; 
(€)  crosses  more  vigorous  than  the  average  of  the  parents;  and  -(/) 
crosses  more  vigorous  than  either  parent.  It  seems  probable,  then, 
that  actual  fusion  may  take  place  between  gametes  either  so  differ- 
ent in  character  that  the  zygote  can  not  develop  or  in  which  the 
male  cell  does  not  bring  in  the  proper  substance  to  stimulate  develop- 
ment. On  the  other  hand,  when  development  does  take  place  in  a 
normal  manner  the  great  majority  of  cases  show  a  stimulus  greater 
in  the  hybrids  than  in  the  pure  species.    Compare  Plate  VII. 

It  might  be  supposed  that  the  luxuriant  development  of  many  of 
these  hybrids  is  due  to  their  steriUty,  that  is,  due  to  the  fact  that  no 
energy  is  used  in  seed  formation.  Such  an  idea  was  held  by  some 
of  the  earlier  hybridizers,  but  was  disproved  by  Gartner.  Mor  is  it 
justified  by  our  own  experience.  Fertile  crosses  between  plants 
differing  in  character  either  equal  or  exceed  the  parental  vigor; 
sterile  crosses  may  show  a  great  increase  in  vigor  or  they  may  show 
a  great  diminution  in  vigor.    Plate  YIII  represents  a  sterile  hybrid 
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showing  decided  diminution  in  vigor.  But  there  need  be  no  con- 
fusion in  the  interpretation  of  these  facts.  It  is  known  that  some 
plants  are  90  unlike  that  there  is  mechanical  or  chemical  obstruction 
to  fertilization.  In  one  case  the  stlgmatic  fluid  may  be  poisonous 
to  certain  foreign  pollen;  in  another  case  the  pollen  tubes  can  not 
penetrate  the  micropyle ;  sometimes  nuclei  do  not  enter  the  micropyle; 
frequently  the  two  nuclei  will  not  fuse.  Such  conditions  absolutely 
prevent  a  cross.  On  the  other  hand,  where  crossing  Is  possible,  all 
of  the  physiological  processes  normal  to  the  plant  may  not  be  carried 
out.  The  difficulty  often  lies  in  the  maturation  of  the  sex  cells,  the 
reduction  of  the  chromatin,  and  the  preparation  for  a  new  sexual 
set.  In  the  proposed  parent  plants  this  has  already  taken  place 
naturaUy.  The  male  and  female  gametes  are  ready  for  fu»on,  and 
if  nothing  interferes  this  fusion  takes  place.  But  this  does  not  mean 
that  normal  development  can  take  place.  Cell  division  may  be  so 
difficult  that  no  embryo  is  formed,  there  being  simply  a  pericarp 
formed  by  the  reaction  of  maternal  tissue  to  stimulation.  Again, 
development  of  the  embryo  may  take  place,  primarily  because  the 
difficulty  of  development  is  decreased  through  the  nutrition  furnished 
by  the  mother  plant.  But  it  may  stop  at  this  point.  Thus  it  is 
obvious  that  where  the  parent  plants  are  bo  different  that  normal 
somatic  cell  division  can  not  take  place,  weak  plants  result  even 
though  they  are  heterozygous  for  many  characters.  If,  however, 
ceil  division  is  normal  we  may  believe  that  the  vigor  of  the  hybrid 
increases  directly  with  the  amount  or  the  kind  of  heterozygosis 
present,  without  r^ard  to  whether  the  plant  is  sterile  or  fertile. 
Sterility,  therefore,  is  often  simply  an  inability  to  mature  the  sex 
elements  properly,  possibly  because  of  mechanical  obstruction  to 
normal  reduction  of  chromosomes  differing  widely  in  their  character, 
and  sometimes  it  is  correlated  with  abnormal  ontogeny. 

We  make  the  statement  that  hybrid  vigor  increases  with  the 
amount  or  with  the  kind  of  heterozygosis  advisedly.  The  increased 
vigor  may  vary  roughly  with  the  number  of  heterozygous  characters 
present,  up  to  that  limiting  case  where  the  action  of  other  forces  pre- 
vents or  obscures  their  influence,  or  it  may  depend  largely  upon  the 
quality  of  the  characters  that  are  heterozygous.  This  matter  has 
not  been  determined;  in  reality  it  makes  no  difference  with  the 
thesis  under  discussion.  It  is  an  interesting  problem,  but  can  hardly 
be  tested  experimentally  by  crossing  owing  to  the  number  of  unknown 
characters  that  may  he  present  in  either  a  heterozygous  or  homozy- 
gous condition.  The  proof  submitted  here  rests  entirely  upon  the 
effects  obtained  by  continued  inbreeding  as  explained  by  the  mathe- 
matical expectancy  of  homozygotes  and  heterozygotes  under  con- 
tinued inbreeding. 
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One  further  point  ought  to  be  noted  here.  It  has  been  shown  that 
weak  types  are  sometimes  isolated  from  maize  by  inbreeding,  their 
deUcate  constitution  being  due,  it  is  assumed,  to  homozygosis  of 
heritable  characters  that  produce  weakness  and  not  to  the  mere  fact 
of  inbreeding.  Does  one  obtain  weak  types  in  self-fertiUzed  species? 
Undoubtedly  such  strains  arise,  but  it  is  difficult  to  obtain  examples 
because  the  weakness  of  individual  plants  is  usually  a  physiological 
fiuctuation  due  to  external  conditions  and  is  not  transmitted.  This 
has  been  found  to  be  true  by  growing  seedlings  from  weak  plants 
that  have  been  self-fertiUzed.  They  usually  give  normal  plants. 
Weak  strains  have  been  isolated,  however,  from  Nicotiana  U^xicum, 
from  N.  paniculata,  and  from  N.  attenuata  that  continued  to  transmit 
their  poor  constitution.  We  may  conclude,  therefore,  that  weak 
strains  arise  in  self-fertihzed  species,  but  are  eUminated  by  natural 
selection. 

THE  CHABACTEBB  AFFECTED  BY  SETEBOZYOOSI8 

The  term  vigor  has  hitherto  been  used  with  the  general  meaning 
which  the  biologist  readily  understands.  We  will  now  endeavor  to 
show  in  what  plant  characters  this  vigor  finds  expression.  It  is  not 
an  easy  task  because  of  the  possibility  of  confusing  the  phenomenon 
of  MendeUan  dominance  with  the  physiological  effect  due  to  hetero- 
zygosis. The  confusion  is  due  to  a  superficial  resemblance  only. 
Dominance  is  the  expressed  potency  of  a  character  in  a  cross  and 
affects  the  character  as  a  whole.  A  morphological  character  like 
the  pods  of  individual  maize  seeds,  or  the  product  of  some  physio- 
logical reaction  like  the  red  color  of  the  seed  pericarp  in  maize  may 
be  perfectly  dominant,  that  is,  it  may  be  developed  completely  when 
obtained  from  only  one  parent.  Size  characters  on  the  other  hand 
usually  lack  dominance  or  at  best  show  incomplete  dominance. 
The  vigor  of  the  first  hybrid  generation  theoretically  has  nothing  to 
do  with  these  facts.  This  is  easily  demonstrated  if  one  remembers 
that  the  increased  vigor  manifested  as  height  in  the  F,  generation 
can  not'  be  obtained  as  a  pure  homozygous  Mendelian  segregate, 
winch  would  be  possible  if  due  to  dominance.  Furthermore,  the 
universality  with  which  vigor  of  heterozygosis  is  expressed  as  height 
shows  the  distinction  between  the  two  phenomena.  If  the  greater 
height  were  the  expression  of  the  meeting  of  two  factors  iT^tj  X  t^T^) 
both  of  which  were  necessary  to  produce  the  character,  one  could  not 
account  for  the  frequency  of  the  occurrence.  Nevertheless,  in  prac- 
tice the  confusion  exists,  and  while  we  have  considerable  confidence 
in  the  conclusions  drawn  from  our  experiments,  we  have  no  intention 
of  expressing  them  dogmatically. 

It  has  been  stated  that  the  vigor  due  to  heterozygosis  is  primarily 
an  increase  and  an  acceleration  of  cell  division;  in  otjier  words,  .an 
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increased  power  of  assiimlation.  This  is  first  of  all  expressed  by  the 
increased  size  of  the  root  system,  a  fact  noticed  by  Kdlreuter  and 
G&rtner  as  quoted  on  page  9.  This  is  the  first  noticeable  difference, 
for  the  size  of  ihe  cotyledons  of  the  hybrid  is  largely  influenced  by 
the  size  of  the  maternal  pericarp,  yet  there  is  a  slight  increase  in  the 
cotyledon  size,  as  we  have  found  in  experiments  with  species  of  the 
genus  Impatiens  and  with  the  tomato,  I/yco'persicwm  escutentwm. 
Hybrid  seedlings  next  show  the  increased  vigor  by  their  rapidity  of 
growth  tendii^  toward  an  earlier  maturity.  This  feature  is  the  accel- 
eration of  cell  division  referred  to  above.  Ultimately,  however,  there 
is  not  only  acceleration  but  increased  cell  division,  resulting  in  taller 
plants.  Data  supporting  this  fact  have  already  been  shown  in 
papers  on  maize  (East,  I91I,  1911a).  The  increased  size  is  entirely 
intemodal.  Neither  in  crosses  between  maize  varieties  nor  between 
varieties  of  Nieotlana  tabacwn  is  there  any  tendency  to  increase  the 
number  of  nodes.  This  stem  growth  is  comparatively  much  greater 
than  is  increased  leaf  surface  in  the  plants  investigated  (N.  tabacam), 
although  the  latter  can  be  definitely  traced. 

The  size  of  the  flower  is  not  affected,  at  least  not  certainly.  The 
fruit  also  does  not  seem  to  be  affected  where  there  is  a  smaU  natural 
amount  of  cell  division,  as  in  the  capsule  of  tobacco.  In  fleshy  fruits 
hke  the  tomato  or  ^^lant  tjiere  is  a  marked  increase.  This  is  prob- 
ably true  also  of  the  lai^e  pomes  and  pepos,  but  this  is  only  a  surmise 
by  analogy. 

The  increased  vigor  of  the  vi^ole  plant  makes  it  possible  for  more 
flowers  and  fruit  to  be  produced,  as  we  have  determined  in  tobacco 
and  tomato.  A  more  or  less  indeterminate  inflorescence  is  always 
prolonged,  which  probably  accounts  for  the  increased  size  that  is 
found  in  the  ears  of  maize  hybrids. 

There  are  many  less  important  plant  characters  upon  which  no 
data  have  been  gathered,  but  the  action  of  heterozygosis  is  known  well 
enough  to  justify  the  former  statement  that  it  affects  the  amount  and 
rapidity  of  assimilation  as  expressed  by  cell  division. 

THEORETICAL  INTERPBBTATION  OP  IIESTTI.T8. 

At  this  point  it  may  be  well  to  stop,  collect  our  facts,  and  discuss 
their  theoretical  interpretation,  notwithstanding  a  certain  repetition 
it  wiU  involve.     We  beUeve  it  to  be  established  that— 

(1)  The  decrease  in  vigor  due  to  inbreeding  naturally  cross-fertilized 
species  and  the  increase  in  vigor  due  to  crossing  naturally  self- 
fertihzed  species  are  manifestations  of  one  phenomenon.  This  phe- 
nomenon is  heterozygosis.  Crossing  produces  heterozj^sis  in  all 
characters  by  which  the  parent  plants  differ.  Inbreeding  tends  to 
produce  homozygosis  automaticaUy. 

Di,..„b,Gooylc 
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(2)  The  phenomeaon  eziata  and  is  in  fact  widespread  ia  the  vege- 
table kingdom. 

(3)  Inbreeding  is  not  injurious  in  itself,  but  weak  types  kept  in 
existence  in  a  cross-fertilized  species  through  heterozygosis  may  be 
isolated  by  its  means.  Weak  types  appear  in  self-fertilized  epecies, 
but  are  eliminated  because  they  must  stand  or  fall  by  their  own 
merits. 

The  logical  interpretation  of  all  of  these  facts  rests,  we  beheve,  on 
the  acceptance  of  Johannsen's  (1903,  1909)  "genotype  conception 
of  heredity."  This  conception  in  turn  is  an  extension  of  Weismann- 
ism*  without  Weismann's  mechanistic  speculations,  supported  by 
Mendelism.  Johannsen  (1911)  gives  the  essential  points  of  this  con- 
ception in  these  paragraphs: 

The  penon&l  quolitiee  of  any  individual  oig&niflin  do  not  a.t  all  cauae  the  qualities 
of  its  ofTepring,  but  tbe  qualities  of  both  ancestor  tad  descendant  are  in  quite  the 
game  m&nneT  determined  by  the  nature  of  the  "sexual  substances" — i.  e.,  the 
gametes — from  which  they  have  developed.  Personal  qualitieB  are  then  the  leac- 
liona  of  the  gametes  joining  to  form  a  zj^te;  but  the  nature  of  the  gametes  is  not 
determined  by  the  personal  qualities  of  the  parents  or  ancestors  in  question.  This  is 
the  modern  view  of  heredity. 

The  main  result  of  all  true  analytical  eipericnents  in  questions  concerning  genetics 
is  the  upsetting  of  the  transmisrion  conception  of  heredity,  and  the  two  different  ways 
of  genetic  research,  pure-line  breeding  as  well  as  hybridization  after  Mendel's  model, 
have  in  thatrespect  led  to  the  same  point  of  view,  the  "gtnolype  eoTiception"  aa  we 
may  call  the  conception  of  heredity  just  now  sketched. 

A  simple  illustration  of  what  is  meant  by  the  above  statement  is 
as  follows:  Suppose  a  maize  with  red  pericarp  (RR)  he  crossed  with 
one  with  a  colorless  pericarp  (jr).  In  the  hybrid  the  gametes  R  and 
r  are  formed  in  equal  quantities.  By  chance  mating  lBR.2Br:lrr 
are  obtained.  Now  the  homozygous  dominant  BB  is  exactly  like  the 
heterozygote  Rr  in  appearance,  but  the  one  breeds  true  to  red  pericarp 
and  the  other  again  throws  about  25  per  cent  white  progeny.  In 
otiier  words,  the  gametic  composition  of  the  zygotes  determines 
whether  the  resulting  plants  shall  have  ears  with  red  or  with  colorless 
pericarps,  but  the  fact  that  a  plant  has  an  ear  with  a  red  pericarp 
does  not  show  what  kind  of  gametes  it  will  form. 

The  genotype  conception  of  heredity,  as  stated  before,  rests  on  the 
noninheritance  of  somatic  modifications  and  the  general  truth  of 
Mendelism.  The  first  part  of  the  proposition  now  has  almost  univer- 
Bal  support.  All  data  point  to  a  germ-cell-to-germ-cell  hereditary 
transmission.  In  certain  animals  it  has  been  demonstrated  that 
there  is  an  early  segregation  or  setting  apart  of  the  material  designed 

■  One  need  become  a  Welsnumlui  only  aa  far  u  to  afna  with  the  obserrad  btcU  whldi  bsve  iIidwd 
tbat  the  tnmniilalai]  ot  Msqnbed  olutracteramuit  be  90  itistlveir  li  ~ 
negllgiUe  In  eiperimeDtal  (enetics  sod  pluit  bceedhic. 
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to  become  the  germ  cells.  This  fact  naturally  has  been  proved  in  but 
few  animals,  but  from  it  one  must  infer  that  in  all  metazoa  there  ia 
a  relative  independence  of  soma  and  germ  plasm  undreamed  of  a 
few  decades  ago.  In  the  higher  plants  no  visible  difference  between 
germ  plasm  and  soma  plasm  has  been  proved,  yet  the  recent  experi- 
ments of  Baur  and  of  Winkler  on  periclinal  chimeras  or  false-graft 
hybrids  have  shown  that  one  of  the  subepidermal  layers  is  probably 
alone  responsible  for  the  sexual  cells.  In  recent  years  few  bioI<^ists 
have  believed  that  surrounding  conditions  did  not  occasionally 
modify  gametic  structures.  On  the  other  hand,  fewer  and  fewer 
investigators  have  maintained  that  any  sort  of  somatic  adaptation 
would  impress  the  germ  plasm  with  the  ability  to  transmit  the  same 
modification. 

The  experimental  work  on  the  genotype  conception  of  heredity  has 
been  lai^ely  a  demonstration  of  the  last  statement.  It  has  shown 
that  in  general  fluctuations  caused  by  ordinary  environmental 
changes  are  not  inherited.  The  idea  involved  is  comparatively  old. 
Vilmorin's  promulgation  of  his  "isolation  principle"  in  plant  breed- 
ing in  the  middle  of  the  nineteenth  century  might  be  called  its  start- 
ing point.  Vilmorin  used  the  average  character  of  a  plant's  progeny 
as  the  index  of  that  particular  plant's  breeding  capacity.  This  is  the 
genotype  conception,  pure  and  simple.  Since  that  time  all  plant 
breeding  by  selection  which  has  been  at  all  profitable  has  been  done 
in  this  way,  although  the  theoretical  interpretation  of  the  results 
obtained  was  unknown.  This  was  given  by  Johannsen  through  his 
work  upon  barley  and  beans. 

Since  then  corroborative  results  have  been  obtained  by  Jenninga 
(1908,  1910)  on  Paramaecium,  Hanei  (1907)  upon  Hydra,  Pearl 
(1909,  1911)  upon  fowls.  Barber  (1907)  upon  yeasts,  Woltereck 
(1909)  upon  Daplmia,  Jensen  (1907)  upon  bacteria,  East  (1910a) 
upon  potatoes,  Love  (1910)  upon  peas,  and  Shull  (1911)  and  East 
(1911)  upon  maize.  And  no  one  to  my  knowledge  has  made  a 
successful  attack  upon  the  position  taken.  It  is  true  that  attacks 
have  been  made  by  Pearson  (1910)  and  Harris  (1911),  but  their  main 
argument  is  that  tlie  genotype  theory  is  wrong,  because  it  antago- 
nizes the  utterly  erroneous  biometric  idea  that  heredity  is  measured 
only  by  the  correlation  between  parents  and  progeny  in  somatic 
characters. 

To  be  sure  a  caveat  has  been  filed  by  Castle  ("Heredity", 
New  York,  1911)  to  the  effect  that  unit  characters  so  called  can 
sometimes  be  modified  by  selection.  This  is  no  real  criticism  of  the 
genotype  conception  of  heredity,  however,  for  Castle  firmly  beUeves 
in  the  generality  of  Mendelism  and  the  general  noninheritance  of 
somatic  modifications.    It  must  simply  be  understood  that,  like 
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most  chemical  compounds,  chfiracters  are  generally  stable  under  ordi- 
nary conditions,  but  also  like  chemical  compounds  they  may  some- 
times be  modified.  This  modification  then  becomes  a  new  character 
or  ia  the  old  character  in  a  slightly  different  form,  depending  on  the 
point  of  view. 

The  second  jiart  of  the  proposition  rests  upon  the  law  of  segrega- 
tion and  recombination  of  gametic  factors,  which  is  the  essence  of 
Mendclism.  Every  day  the  generahty  of  this  law  becomes  more 
probable.  Leaving  out  of  consideration  experiments  on  apogamous 
and  parthenogenetic  species  almost  every  paper  published  since  1900 
deahng  with  crosses  between  varieties  fertile  inter  se  in  which  quali- 
tative differences  have  been  studied  has  shown  that  factors  repre- 
senting these  characters  segregate  in  the  germ  cells  of  the  hybrid 
and  recombine  in  the  next  generation.  The  few  exceptions  have 
been  papers  dealing  with  characters  evidently  quantitative,  treated 
from  a  biometrical  standpoint  and  not  proving  or  disproving  any- 
thing. 

Recently  there  have  also  been  investigations  {Emerson,  1910; 
East,  1910,  1911;  East  and  Hayes,  1911;  Lai^,  1911,  Tammes, 
1911)  showing  that  size  or  quantitative  characters  also  segregate. 
Of  course  all  selection  experiments  on  cross-fertilized  species  using 
Vilmorin's  isolation  principle  and  the  investigations  just  cited  in 
support  of  Johannsen  have  really  proved  segr^ation  and  recombi- 
nation of  size  characters,  else  strains  differing  in  such  characters 
could  not  be  isolated  from  complex  hybrids.  The  senior  writer 
(1910),  however,  has  shown  how  such  segregation  can  be  given  a 
strict  Mendelian  interpretation  by  postulating  absence  of  dominance 
and  multiplicity  of  detorminants  affecting  the  same  general  charac- 
ters. The  experimental  basis  upon  which  it  rests  ia  the  investiga-' 
tions  of  Nillson-Elile  (1909)  upon  oats  and  wheat  and  his  own  upon 
maize. 

It  is  possible  that  there  are  many  apparent  exceptions  to  the  law 
of  segr^ation;  it  is  even  possible  that  practically  there  are  real 
exceptions,  but  these  exceptions  are  likely  to  bo  in  the  nature  of 
changed  conditions  which  modify  the  action  of  Mendel's  law  through 
new  sets  of  conditions.  Our  meaning  is  shown  by  parallels  in  the 
domain  of  physics  and  chemistry,  where  certain  laws  act  perfectly 
only  under  ideal  conditions  which  are  very  often  not  fulfilled  in 
nature.  For  example,  De  Vries  (1907)  states  that  Burbank's  and 
Janczewski's  bramble  hybrids  have  bred  true.  Without  any  data 
upon  which  to  base  a  critical  judgment  one  does  not  know  what  to 
say,  but  taking  the  statement  at  full  value,  any  number  of  conditions 
may  cause  this  hybrid  constancy  without  invahdating  the  law  of  seg-  n 
r^ation.     There  may  be   apogamy,  all  zygotes  may  not  develop. 
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selective  fertilization  may  occur,  or  the  action  of  the  law  may  be 
opposed  or  suspended  by  other  conditions  of  which  we  know  nothing. 

Personally  we  consider  the  genotype  conception  not  as  a  theory 
but  as  a  fact.  Considering  it  as  a  fact,  how  does  it  aid  the  interpre- 
tation of  the  results  obtained  by  inbreeding  and  by  crossing  inbred 
types  of  maize  1  Maize  as  a  cross-fertilized  species  of  great  variabiUty 
is  in  a  constant  state  of  hybridization.  It  is  a  collection  of  complex 
hybrids.  Its  usual  mode  of  pollination  through  the  agency  of  the 
wind  keeps  up  this  state  of  hybridization.  Inbreeding,  however, 
tends  to  produce  homozygous  types.  As  already  shown,  if  one 
assumes  equal  fertility  for  all  plants  and  that  each  plant  lives  and 
produces  offspring  in  the  n"'  generation  there  is  a  ratio  2"—  1  pure 
dominants,  2  heterozygotes  and  2"—  1  pure  recessives  for  each  aUelo- 
morphic  pair. 

This  theoretical  state  of  affairs  may  not  occur  for  other  reasons 
(as  unpaired  chromosomes)  and  the  large  number  of  allelomorphic 
pairs  in  a  complex  hybrid  may  prolong  the  time  requinul  for  isola- 
tion of  strains  that  are  completely  homozygous,  but  final  isolation 
of  strains  completely  homozygous  is  the  goal  toward  which  inbreed- 
ing tends.  These  completely  homozygous  strains  are  Johaimsen's 
homozygous  genotypes.  Perhaps  no  one  has  ever  isolated  a  real 
homozygous  genotype,  but  strains  homoirygous  for  many  characters 
are  constantly  being  separated.  This,  indeed,  is  the  sole  function 
of  selection. 

Weismann  assigned  two  purposes  to  the  gametic  fusion  termed 
sexual  reproduction;  one  being  to  mingle'the  hereditary  characters 
carried  by  the  two  germ  cells,  the  other  to  stimulate  development 
,of  the  zygote.  This  general  statement  was  so  obviously  a  fact  that 
biologists  were  unanimous  in  its  acceptance  and  two  distinct  lines  of 
investigation  have  developed  from  it.  Research  concerning  trans- 
mission phenomena  has  been  almost  divorced  from  the  study  of  the 
physiology  of  development  in  its  intimate  connection  with  sexual 
reproduction.  This  separation,  in  view  of  the  subject  of  this  bulletin, 
seems  unnecessary  and  unwise,  for  it  may  permit  only  a  partial  and 
distorted  view  of  the  results  of  reproduction.  At  any  rate  the  data 
given  here  are  of  interest  from  both  view  points,  since  they  deal  with  a 
purely  physiological  result  brought  about  by  a  strictly  morphological 
transmission  phenomenon. 

The  hypotheses  in  regard  to  the  way  by  which  the  act  of  fertiliza- 
tion initiates  development  are  numerous,  but  since  they  are  entirely 
speculative  it  is  not  necessary  to  discuss  them  liere.  The  only  conclu- 
sion that  seems  j  usti£ed  is  that  they  are  not  immediately  psychological 
or  vitalistic  in  nature.  Loeb's  remarkable  researches  prove  this.  But 
whatever  may  be  the  explanation  of  the  means  by  which  the  process 
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is  carried  out,  the  statement  cau  be  made  um'eaervedly  that  the 
heterozygous  condition  carries  with  it  the  function  of  increasing  this 
stimulus  to  development.  It  may  be  mechanical,  chemical,  or  elec- 
trical. One  can  say  that  greater  developmental  energy  is  evolved 
when  the  mate  to  an  allelomorpbic  pair  is  lacking  than  when  both 
are  present  in  the  zygote.  In  other  words,  developmental  stimulus 
is  less  when  Hke  genes  are  received  from  both  parents.  But  it  is 
clearly  recognized  that  this  is  a  statement  and  not  an  explanation. 
The  explanation  is  awaited. 

The  developmental  stimulus  is  to  a  certain  decree  cumulative. 
In  other  words,  the  expression  "the  greater  the  d^ree  of  heterozy- 
gous condition  the  greater  is  the  vigor  of  the  resulting  plant "  roughly 
expresses  the  facts.  This  does  not  mean  that  the  possession  of  cei^ 
tain  allelomorphic  pairs  in  a  heterozygous  condition  is  not  more 
necessary  than  others  of  normal  development.  Castle  and  Little 
(1910),  for  example,  have  shown  the  probability  that  z^otes  which 
are  potentially  homozygous  yellow  mice  are  formed  but  do  not 
develop.  Baur  (1909)  has  shown  that  homozygous  recessives  of 
pelargoniums  that  lack  the  necessary  mechanism  for  chlorophyll 
formation  are  formed  but  can  live  only  a  few  days.  Of  course  in 
the  latter  case  there  is  actual  absence  of  a  physiological  mechanism 
that  is  absolutely  essential  to  development.  Whether  the  condition 
is  similar  in  the  yellow  mice  is  unknown.  It  is  quite  possible  that 
lack  of  normal  or  presence  of  abnormal  factors  will  account  for  many 
cases  of  improper  development,  but  these  facts  must  not  be  con- 
fused with  the  phenomenon  under  consideration.  What  we  are  con- 
cerned with  here  is  that  developmental  stimulus  due  to  heterozygosity 
increases  roughly  with  the  number  of  heterozygous  allelomorphic 
pairs,  even  though  some  of  these  pairs  may  produce  a  much  greater 
stimulus  than  others. 

Inbreeding,  then,  tends  to  isolate  homozygous  strains  which  lack 
the  physiological  vigor  due  to  heterozygosity.  Decrease  in  vigor 
due  to  inbreeding  lessens  with  decrease  in  heterozygosity  and  van- 
ishes with  the  isolation  of  a  completely  homozygous  strain.  More- 
over, these  homozygous  strains  can  be  quite  different  ^m  each 
other  in  natural  inherent  vigor.  From  a  single  strain  of  Learning 
dent  maize  one  isolated  type  is  a  good  profitable  com  after  four 
generations  of  inbreeding,  having  yielded  at  the  rate  of  SO  bushels 
per  acre  in  1910;  another  type  is  partially  sterile  and  can  hardly 
develop  to  maturity  after  five  generations  of  inbreeding,  and  yielded 
in  1910  only  9,5  bushels  per  acre.  Thus  we  see  the  true  explanation 
of  the  apparent  degeneration  that  so  many  observers  have  attributed 
to  inbreeding  per  se. 
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When  species  that  are  naturally  close  fertilized  produce  variations 
that  are  weak  and  d^enerate,  they  perish  in  the  natural  struggle 
for  existence  or  are  not  allowed  to  propagate  by  man.  Since  only 
the  experimental  breeder  sees  the  origin  of  degenerate  strains  of 
close-fertitized  species  (as  we  have  done  in  the  genus  Nicotiana), 
biologists  have  left  them  out  of  their  consideration  and  have  con- 
cluded that  some  exception  to  the  natural  laws  of  physiology  has 
been  made  in  their  favor  so  that  they  could  stand  the  inbreeding  for 
which  they  are  naturally  fitted.  Nothing  could  be  further  from  the 
facts.  Species  which  through  their  flower  structure  must  be  self- 
fertilized  produce  as  many  degenerate  strains  as  any  species.  They 
are  produced,  but  they  do  not  survive;  they  are  lost  and  forgotten. 
Species  which  through  their  flower  structure  are  naturally  cross- 
fertilized,  on  the  other  hand^  produce  strains  poor  in  natural  vigor, 
d^enerate  strains,  and  they  are  kept  from  sight.  They  survive 
the  scythe  of  natural  selection;  they  are  selected  for  propagation  by 
man  because  they  are  crossed  with  other  strains  and  are  vigorous 
through  heterozygosity.  Inbreeding  tears  aside  their  mask.  They 
must  then  stand  or  fall  on  their  own  merits.  Those  strains  with  a 
high  amount  of  inherent  natural  vigor,  due'to  gametic  constitution, 
lose  the  added  vigor  due  to  a  heterozygous  condition,  but  are  still 
good  strains,  ready  to  stand  up  forever  under  constant  inbreeding. 
The  poor  strains  that  have  had  the  help  of  hybridization  with  good 
strains,  combined  with  the  added  vigor  due  to  heterozygosity,  are 
stripped  of  all  pretense,  shown  in  all  their  weakness,  and  inbreeding 
is  given  aa  the  cause  for  their  degeneracy.  At  least  inbreeding  has 
until  recently  been  given  as  the  cause,  but  it  is  hoped  that  the  newer 
interpretation  will  now  be  accepted  as  lexically  interpreting  all  the 
facts. 

Although  the  increased  power  of  growth  of  hybrids  and  the  do- 
creased  vigor  attending  inbreeding  have  not  been  recognized  as  the 
same  phenomenon  until  the  work  of  Shull  and  the  senior  writer, 
nevertlieless  there  has  been  a  so-called  interpretation  of  the  increased 
vigor  of  hybrids  current  among  plant  physiologists.  It  is  the  theory 
of  rejuvenescence  or  renewal  of  youth  in  the  protoplaam.  Continued 
self-fertilization  is  thought  to  be  comparable  to  vegetative  repro-  ■ 
duction  and  continued  v^etative  reproduction  is  supposed  to  bring 
about  a  senile  condition  in  the  protoplasm.  This  theory  was  borrowed 
from  zoology,  having  long  since  been  proposed  by  Biltschli  to  account 
for  conjugation  in  protozoa.  It  can  not  be  considered  a  theory  that 
helps  in  interpreting  the  vigor  of  hybrids,  for  it  tells  us  nothing. 
Moreover,  it  may  be  based  upon  wrong  premises.  It  is  not  at  all 
certain  that  conjugation  is  an  absolutely  necessary  phenomenon. 
Woodruff  (1911)  has  demonstrated  that  protozoa  can  be  kept  in 
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healthy  condition  without  conjugation  for  at  least  2,300  generations. 
Jennings  has  been  unabie  to  make  certain  genotypes  of  Faramaecium 
conjugate.  Nuclear  fusions  sometimes  occur  in  some  of  the  ascomy- 
cetes  and  basidiomycetes,  but  in  general  these  fungi  reproduce 
asexually  and  possibly  have  produced  hundreds  of  species  in  this 
manner.  In  the  higher  plants  there  are  many  species  in  which 
either  no  seed  is  produced  or  sexual  propagation  is  seldom  resorted 
to,  and  yet  they  seem  to  be  in  no  danger  of  d^eaeration.  Among 
them  may  be  mentioned  the  banana,  hop,  strawberry,  sugar  cane, 
and  many  of  the  grasses.  There  are  also  certain  apogamous  geaera, 
such  as  Taraxacum  and  Hieracium,  that  are  exceedingly  vigorous. 
From  these  facta  it  is  reasonably  conclusive  that  sexual  reproduction 
may  be  a  benefit,  but  is  not  a  necessity. 

Keebie  and  Pellew  (1910)  have  recently  suggested  that "  the  greater 
height  and  vigor  which  the  ¥,  generation  of  hybrids  commonly 
exhibit  may  be  due  to  the  meeting  in  the  zygote  of  dominant  growth 
factors  of  more  than  one  allelomorphic  pair,  one  (or  more)  provided 
by  the  gametes  of  one  parent,  the  other  (or  others)  by  the  gametes 
of  the  other  parent."  We  do  not  believe  this  theory  is  correct.  The 
"tallneas"  and  "dwarfness"  in  peas  which  Keebie  was  investigat- 
ing is  a  phenomenon  apparently  quite  different  from  the  ordinary 
transmissible  size  differences  among  plant  varieties.  Dwarf  vari- 
eties exist  among  many  cultivated  plants,  and  in  many  known  cases 
dwarfness  is  recessive  to  tallness.  It  acts  as  a  monohybrid  or  possibly 
a  dihybrid  in  inheritance,  and  tallness  is  fully  dominant.  Varietal 
size  differences  generally  show  no  dominance,  however,  and  are 
caused  by  several  factors.  Transmissible  size  differences  are  un- 
doubtedly caused  by  certain  gametic  combinations  (East,  1911),  but 
this  has  nothing  to  do  with  the  increase  of  vigor  which  we  are  dis- 
cussing. The  latter  is  too  universal  a  phenomenon  among  crosses 
to  have  any  such  explanation.  Furthermore,  such  interpretation 
would  not  fitly  explain  the  fact  that  all  maize  varieties  lose  vigor 
when  inbred. 

EXTENSION  07  THE  CONCLUSIONS  TO  THE  ANIMAI.  XINaBOK. 

Can  the  conclusions  in  r^ard  to  heterozygosis  he  extended  to 
animals?  The  answer  is  affirmative  as  far  as  an  interpretation  of 
the  known  facts  is  concerned.  No  experimental  attack  from  the 
standpoint  taken  in  this  paper  has  been  made,  but  the  older  work 
furnishes  many  data  that  readily  fit  this  view.  As  a  matter  of  fact, 
however,  it  is  questionable  whether  it  is  necessary  to  make  formal 
proof  in  the  matter.  Sexual  reproduction  has  undoubtedly  arisen 
several  times  in  the  vegetable  kingdom  and  at  least  once  independ- 
ently in  the  animal  kingdom.    Why  or  how  it  arose,  one  need  not 
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inquire;  having  arisen,  the  purposes  served  are  essentially  the  same 
if  the  similarity  of  the  methods  is  an  ailment.  The  duplex  nature 
of  organisms,  the  baJving  of  the  chromatin  and  the  production  of 
simplex  cells  at  the  maturation  of  the  sex  cells,  the  fusion  of  two 
simplex  cells  as  the  starting  point  of  a  new  organism,  the  general 
result  of  this  fusion  in  the  matter  of  developaiof/P,  and  the  trans- 
mission of  heritable  characters,  are  so  similar  in  their  main  points 
that  it  would  be  quite  wonderful  if  the  process  both  in  plants  and 
animals  did  not  now  fulfill  like  requirements. 

Since  our  conclusions  are  based  upon  the  generality  of  Mendelism, 
which  has  been  rendered  highly  probable  by  the  multiplicity  of  zoolog- 
ical researches,  it  seems  only  necessary  to  show  that  heterozygosis  in 
animals  does  cause  (or  accompany)  an  increase  in  vigor.  It  is  easier 
to  do  this  than  to  attack  the  still  widespread  belief  that  inbreeding  is 
injurious  per  se.  We  have  seen  fertile  crosses  between  different 
varieties  of  cattle,  of  swine,  of  sheep,  and  of  domestic  birds  that  were 
more  vigorous  than  either  parent.  There  are  several  swine  raisers  in 
the  Middle  West  who  make  a  practice  of  selling  only  first^eneration 
crosses  on  account  of  their  size.  A  number  of  very  vigorous  sterile 
hybrids  of  both  domestic  and  wild  animals  might  also  be  cited,  but 
with  these  crosses  a  complication  is  encountered.  In  plants  we  found 
that  the  presence  or  abs^ce  of  normal  sexual  organs  made  little  if  any 
difference  in  the  amount  of  vigor  induced  by  heterozygosis.  In  ani- 
mals the  case  is  undoubtedly  different.  From  their  very  mode  of 
development — animals  beii^  closed  forms  and  plants  open  forms — 
internal  secretions  play  a  great  rfile.  And  it  is  a  matter  of  common 
knowledge  that  castration,  in  vertebrates  at  least,  causes  an  extra- 
ordinary development  of  the  body.  In  the  human  race  this  develop- 
ment is  especially  noticeable  in  the  femur  bones,  bo  that  Havelock 
Ellis  states  that  the  eunuchs  of  Cairo  can  be  readily  picked  out  of  a 
crowd  by  their  great  stature.  It  ia  obvious,  therefore,  that  there  are 
two  causes  of  v^orous  somatic  development,  elimination  of  sexual 
organs  and  heterozygosis.  In  sterile  hybrids,  therefore,  one  can  not 
say  how  much  of  the  induced  Btimulation  is  due  to  each  cause,  but  in 
fertile  crosses  there  is  no  question  about  its  source. 

It  is  much  more  difficult  to  ai^e  against  the  supposed  injurious 
effects  of  inbreeding.  Abhorrence  of  incest,  which  probably  had  a 
religious  origin  among  our  ancestors,  is  so  difficult  to  eradicate  from 
our  minds  that  judgment  is  made  before  the  facts  are  heard.  This 
beUef  is  not  universal  in  the  human  race  if  Westermarck,  the  greatest 
authority  on  the  history  of  marriage,  is  to  be  trusted,  but  the  retort 
is  made  that  the  races  that  approve  Incestuous  unions  are  low  in  intel- 
ligence. The  answer  does  not  prove  anythii^,  however,  as  low  races 
with  both  behefs  are  found,  and,  furthermore,  as  disapproval  o.f  inces- 
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tuous  relatioiu  is  both  religious  and  eatjietic,  it  would  only  be  expected 
in  races  of  some  intelligence.  Nor  is  the  answer  gennane,  for  it  is  not 
shown  that  incestuous  tribes  are  less  well  developed  physically  than 
related  tribes  with  different  customs,  ^^ch  is  fjie  real  matter  under 
examination. 

But  let  us  confine  the  diBcussion  to  the  lower  animals.  If  this  is 
done  there  are  two  things  to  consider,  the  closeness  of  matings  and 
their  result.  The  statement  is  often  made  that  self-fertilization  in 
phuit«  is  a  much  closer  sexual  relationship  than  can  obtain  in  bisexual 
animals.  With  a  germ-to-germ  transmission  conception  of  heredity 
it  is  doubtful  if  this  is  true.  After  a  wide  cross,  a  self-fertilized  plant 
of  the  F,  generation  produces  markedly  different  progeny,  due  to 
recombinations  of  gametic  factors.  After  continuous  self-fertihza- 
tion  for  many  generations,  the  gametic  factom  tend  to  become  homo- 
zygous and  their  matings  are  close  in  relationship.  Thus  it  is  per- 
fectly clear  that  it  is  not  kinship  of  the  two  organisms  furnishing  the 
sex  cells  that  detenninee  the  closeness  of  the  jnatii^,  but  the  simi- 
larity of  the  constitution  of  the  cells  themselves,  lliere  is  no  a  priori 
reason,  therefore,  why  bisexual  animals  may  not  be  bred  as  thor- 
oughly in-and-in  as  plants. 

On  this  account  the  statement  must  be  mode  very  emphatic  that 
investigations  such  as  studies  of  cousin  marriages  in  the  human  race 
amount  to  nothing.  A  cousin  marriage  may  be  a  wide  cross,  it  may 
be  very  narrow. 

There  is  a  possibility  that  has  not  been  mentioned,  however,  that 
may  prove  to  be  an  essential  difference  between  the  reproduction  of 
bisexual  tmimala  and  hermaphroflitic  plants.  There  is  no  question 
but  that  sex  in  the  higher  animals  is  essentially  Mendelian  in  its 
behavior.  There  is  no  necessity  of  tying  its  interpretation  to  the 
chromosomes  or  to  the  accessory  chromosome  in  particular.  Castle's 
(1909)  simple  explanation  that  the  female  is  gametically '  the  male 
plus  a  theoretical  X  factor  has  interpretated  so  many  facts  that  its 
correctness — possibly  somewhat  modified — is  highly  probable.  Under 
this  interpretation  one  sex  is  always  heterozygous.  No  similar  expla- 
nation hoa  been  advanced  to  account  for  hermaphroditism.  Possibly 
the  same  thing  accounts  for  the  differentiation  into  microgamete  and 
mocrogamete  in  plants,  although  not  accompanied  there  by  somatic 
changes.  Since  we  are  ignorant  of  the  facts  in  plants,  we  can  not  say 
that  sex  furnishes  a  real  reason  for  beUeving  bisexual  animal  matings 

1  NateQiew(nii"guDetlcallrtbeiiule."  This  b  not  at  all  the  same  thing  aa  saying  Cif  nub  pfusonK- 
thlng  eke.    The  X  nuy  [Hwhm  many  Important  changn  dariiiE  ontogeny. 

Than  aie  two  classn  of  bets;  in  one  the  male  la  homoiyginuihBTliigDaXbcbira,  while  the  female  has  one. 
In  the  other  the  male  bhelennygDus.havIng  one  XCacCor,  while  tbelemaleisbomotygaus,  with  twoXfac- 
ton    ThelHunaonceprobablybelaDgitotheKoandtype. 
243 


3vGoo^^lc 


42  HETBBOZTOOSIS  IN  BTOLUTION  AND  MANT  BBGEDINO. 

less  incestous  than  plants.  The  facts  are  simply  given  for  what  they 
are  worth. 

We  are  now  ready  to  take  up  the  actual  effect  of  inbreeding  in  ani- 
mals. In  the  statements  of  Darwin's  correspondents  we  find  through- 
out the  tendency  to  mix  esthetic  feelings  and  facts.  But  here  and 
there  an  independent  observer  maintained  that  breeding  good  stocks 
in-and-in  had  no  evil  effect.  Undoubtedly  there  is  sometimes  a 
alight  loss  in  vigor  (we  should  say  v^etative  vigor  as  we  have  done  in 
plants,  because  constitutional  vigor  is  not  lost),  but  there  is  no  d^en- 
eration.  On  the  other  hand,  there  is  segregation  toward  homozygous 
strains,  and  these  strains  differ  in  constitutional  vigor.  The  greatest 
breeds  of  horses,  cattle,  swine,  and  sheep  have  been  developed  by 
in-and-in  breeding.  Breeders  have  worked  for  homozygous  strains, 
for  they  desired  strains  that  bred  true.  Inbreeding  has  been  accused 
of  producing  everything  undesirable  in  many  of  these  strains,  but  the 
accusations  are  extremely  illogical.  Consider  one  or  two  examples. 
The  race  horse  has  undoubtedly  been  inbred  more  than  the  draft  horse. 
Did  inbreeding  produce  the  nervousness  and  delicate  constitution  of 
the  former?  Certainly  not.  It  is  absolutely  essential  that  the  race 
horse  be  nervous.  It  has  been  thus  selected  for  generations.  Again, 
the  delicate  constitution  of  the  Boston  terrier  or  even  the  toy  terrier 
is  pointed  out  as  the  effect  of  inbreeding.  We  doubt  very  much  if 
there  has  been  any  more  inbreeding  in  the  case  of  the  Boston  terrier 
than  with  the  St.  Bernard,  but  the  selective  ideals  have  been  quite 
different. 

The  necessity  for  heteroz;^;o3is  may  be  very  different  in  various 
species  of  aiumals.  In  some  the  stimulus  to  zygotic  development  may 
be  insufficient  when  Uke  germ  cells  conjugate;  in  others,  it  may  pro- 
duce normal  development.  Weismann  has  made  much  of  the  fact 
that  hermaphroditic  animals  are  always  cross-fertilized  at  times.  It 
may  be  necessary  in  these  species  or  it  may  be  coincidence.  Possibly 
hermaphroditic  species  will  be  found  that  are  always  self-fertilized  yet 
retain  their  vigor  even  as  in  plants.  At  any  rate  Weismann's  ail- 
ments seem  to  have  little  force,  considering  the  widespread  preva- 
lence of  parthenogenesis  in  the  animal  kingdom.  It  seems  reasonable 
to  conclude  that  in  animals  as  in  plants  cross-fertilization  may  be 
advantageous  but  is  not  a  necessity. 

The  actual  experiments  of  Crampe  (1883),  Ritzema  Bos  (1894), 
and  Von  Guaita  (1898)  on  mammals,  of  Fabre-Domengue  (1898)  on 
birds,  and  of  Castle  et  al  (1906)  on  the  fly  Drosophila  ampetopkUa 
Low  may  all  be  interpreted  in  this  way.  Fertihty  was  decreased  in 
some  strains.  Those  strains  needed  the  stimulus  due  to  a  certain 
amount  of  heterozygosis  for  their  proper  development.    Other  strains 
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were  perfectly  fertile  in  spite  of  inbreedii^.  Sometimes  combina- 
tions of  hereditary  characters  resulted  in  relatively  weak  struns; 
other  combinations  of  characters  gave  strong  strains.  In  no  case 
was  there  absolute  and  universal  d^eneration  due  directly  to 
inbreeding. 

As  a  final  example  of  the  simple  way  in  which  these  experiments 
on  animals  fit  the  heterozygosis  theory,  we  will  take  a  case  that 
puzzled  Weismann  (1904).  Nathusius  allowed  the  progeny  of  a 
Yorkshire  sow  to  inbreed  for  three  generations.  Weismann  says: 
"The  result  was  unfavorable,  for  the  young  were  weakly  in  consti- 
tution and  were  not  prolific.  One  of  the  last  female  animals,  for 
instance,  when  paired  with  its  own  uncle,  kTiown  to  be  fertile  viith 
8owe  of  a  different  breed,  produced  a  litter  of  6  and  a  second  lit- 
ter of  5  weakly  piglings;  but  when  Nathusius  paired  the  same 
BOW  with  a  boar  of  a  small  black  breed,  which  boar  had  begotten 
7  to  9  young  when  paired  with  sows  of  his  own  breed  (the  black 
breed  evidently  near  homozygous  through  close  breeding),  the  sow 
of  the  large  Yorkshire  breed  produced  in  the  first  litter  21  and  in 
the  second  18  piglings." 

VAL17B  OF  HBTEKOZYOOSIS  IN  EVOLUTIOH. 

Before  undertaking  to  discuss  the  part  that  heterozygosis  may  have 
played  in  evolution,  emphasis  must  be  laid  upon  one  point  of  criti- 
cism directed  against  almost  all  speculative  evolutionary  philosophy. 
Unconsciously,  perhaps,  many  of  the  conditions  that  are  widespread 
among  Hving  forms  have  been  spoken  of  as  having  been  selected  to 
continue  their  existence  in  nature  because  they  are  indispensable  to 
the  organism.  This  is  certainly  untrue.  One  has  only  to  recall 
other  epochs  of  geology  to  appreciate  the  fact.  The  huge  reptiles  of 
the  Cretaceous  period  were  long  in  developing  their  peculiar  speciaU- 
zations,  yet  they  were  swept  away.  In  a  present-day  post-mortem 
we  can  assign  many  reasons  why  they  were  eliminated  from  the 
organic  world,  but  if  their  characters  were  so  unfit  for  their  environ- 
ment, how  did  they  come  to  be  developed  ?  It  is  said  the  environ- 
ment changed  and  left  them  too  specialized  for  adaptive  response. 
This  is  plausible  enough,  but,  nevertheless,  possibly  untrue. 

Must  we  not  be  just  as  skeptical  about  the  question  of  sexual  dif- 
ferentiation 1  It  has  arisen  several  times;  it  has  persisted.  Having 
arisen,  it  undoubtedly  has  a  function.  Perhaps  it  was  necessary; 
periiaps  it  was  a  fundamental  blunder,  as  was  once  humorously 
stated.  Speculation  is,  of  course,  futile.  We  merely  wish  to  point 
out  that  in  discussing  a  function  intimately  connected  with  sexual 
reproduction  it  is  absolutely  unnecessary  to  suppose  that  sex  fulfills 
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a  pi-otoplaamic  necessity  or  demand^'  We  do  not  say  that  the  belief 
is  untrue,  but  that  it  is  not  known  to  be  true  and  therefore  should  not 
be  treated  as  a  fact. 

In  other  words,  electric  drills  and  hammers  are  very  useful  in  build- 
ing a  bridge,  but  good  bridges  have  been  built  without  them.  Sexual 
reproduction  serves  a  purpose,  but  several  of  the  most  vigorous  genera 
^f  our  higher  plants  have  given  it  up.  It  is  evidently  unnecessary 
to  them.  We  must  cast  a  rote,  Uierefore,  gainst  the  belief  in  the 
rejuvenescence  theory  of  sexual  reproduction.  Furthennore,  we 
beUeve  that  any  hypothesis  in  which  an  endeavor  is  made  to  twist 
the  phenomena  attendit^  sexual  reproduction  into  requisites  indis- 
pensable to  the  evolution  of  all  species  possessing  it  is  without  basis. 
All  one  can  do  is  to  suggest  how  it  may  have  been  beneficial  at  times 
to  some  species. 

Transmissible  variations  are  produced  in  great  numbers  by  apoga- 
mousgeaera  such  as  Taraxacum  and  Hieracium,  so  that  sexual  reproduc- 
tion is  not  the  cause  of  variation.  Johannsen's  (1906)  and  many  other 
pedigree-culture  studies  have  shown  that  it  presumably  never  increasee 
variation.  But  it  does  permit  recombination  of  the  gametic  factors  of 
the  parents,  and  this  has  no  doubt  been  of  great  service  in  evolution. 
Gallon  and  Quetelet  (Weismann,  1904)  have  ai^ed  that  the  intercross- 
ing thus  allowed  is  a  means  of  keeping  the  species  constant,  but  even 
with  the  old  idea  of  blended  inheritance  this  seems  to  us  to  he  an 
exaggeration.  Greatest  constancy  in  the  actual  descendants,  if  new 
heritable  variations  are  disregarded,  would  come  from  asexual  repro- 
duction. If  the  species  group  is  considered  as  a  whole  and  compara- 
tively free  from  competition,  a  great  amount  of  intercrossing — as  in 
a  naturally  cross-fertilized  strain — would  help  toward  a  general  fixa- 
tion of  type,  even  though  it  did  not  contribute  toward  the  produc- 
tion of  homozygous  factors;  but  if  a  rigid  competition  is  allowed, 
new  and  better  combinations  of  characters  would  replace  the  old. 
Perhaps  this  matter  may  be  made  clearer  by  an  illustration  drawn 
from  our  maize  studies.  Height  is  a  complex  due  to  many  contribute 
ing  factors.  Some  of  them  are  probably  correlated  in  inheritance, 
but  a  sulhcient  number  are  transmitted  independently  to  give  the 

1  VltalMlc  inla^ireUUoiu  oT  the  ortfta  of  duractera,  Uumgh  lufely  coufcailaaa  of  IgiMtBiux  ol  otU- 
mste  cause*,  deserve  conidderatlon  tor  calling  MteDUon  to  Uut  bet;  jet  one  miut  admit  thit  II  evsj- 
Uilng  [a  accounted  forbjaame  "pslecting  principle  "  Ihli  crativa  force  bas  made  nunj' triab  and  erran. 
01  courae  things  do  tMtjosl  happen.  Tbe  chemist  Mca  certain  aeries  of  oompounds  give  glmUar  teao- 
tkinsnnder  Ulie  conditions,  vbUe  other  aerlce  give  other  react  lone  under  those  condltians.  Uore  complex 
chpmlcals  ander  the  general  term  prDloplaam  probabl;  act  tn  the  samo  manner  and  produm  variations 
througb  tbelr  reactions.  Bomo  of  these  Taiiatlons  are  widespread— that  Is,  they  are  general  reectlona: 
otbera  are  less  general— thai  Is,  they  are  appclflc  reactions.  Peixonally  this  analogy  helps  In  the  conception 
at  certain  orthogeitcLlc  phenomena,  but  the  conception  leads  back  to  the  same  blank  wall  of  Ignorancs, 
The  vitallst  and  tbe  bellevco' In  mechanl«>.chemlcal  theories  reach  the  same  pohit,  but  the  lat  Mr  la  pleased 
Ulie  Is  able  to  rednceaaerleaotbcU  to  the  shorthand  olalocmula;  the  lomMt  la  wotriedbaiauaa  knowledge 
Hope  at  tlie  moat  InlBwtlnf  pUoe. 
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example  validity.  There  is  no  dominance,  and  when  two  individuals 
differing  in  Btature  are  crossed  there  is  a  blend  in  the  first  hybrid 
generation.  There  is  a  real  segregation,  however,  resultu^  ui  an 
increased  variability  in  the  F,  generation.  In  the  F,  generation 
there  is  a  normal  frequency  deviation  due  to  noninherited  fluctua- 
tions. In  the  F,  generation  there  is  a  similar  curve,  but  with  greater 
variability,  due  to  fluctuatmg  variability  plus  the  variability  due  to 
the  recombination  of  gametic  factors.  This  condition  of  affairs 
tends  toward  the  maintenance  of  a  general  mean  in  height,  but  this 
mean  is  false.  It  is  false  because  the  modal  class  which  Galton  and 
Quetelet  took  to  be  the  type  toward  which  the  species  is  tending 
actually  contains  more  heterozygous  individuals  and  individuals 
heterozygous  for  more  fanors  than  any  other.  An  individual 
selected  from  this  class  is  less  likely  to  breed  true  than  one  selected 
from  the  extremes.  Cross-fertilization,  therefore,  may  tend  toward 
the  production  of  a  mean  that  givee  falsely  an  appearance  of  fixity 
of  type, 

TTiis  preliminary  discussion  has  necessarily  been  rather  long  in 
order  to  have  a  basis  for  considering  the  part  that  heterozygosis 
may  have  played  in  evolution.  We  shall  confine  ourselves  to  the 
higher  plants,  although  we  think  a  portion  of  the  statements  made 
are  equally  true  when  applied  to  animals.  It  can  hardly  be  doubted 
that  heterozygosis  did  aid  in  the  development  of  the  mechanisms 
whereby  flowers  are  cross-fertilized.  Variations  must  have  appeared 
that  favored  cross-fertilization.  These  plants  producing  a  cross- 
fertihzed  progeny  would  have  had  more  vigor  than  the  self-fertilized 
relatives.  The  crossii^  mechanism  could  then  have  become  homo- 
zygous and  fixed,  while  the  advantage  due  to  cross-fertUization 
continued.  But  was  this  new  mechanism  an  advantage  ?  It  must 
have  been  often  an  advantage  to  the  species  as  a  whole.  In  compe- 
tition with  other  species,  the  general  vigor  of  those  which  were 
cross-fertilized  would  aid  in  tlieir  survival.  But  the  mechanism 
may  not  have  been  useful  in  evolving  real  vigor  in  the  species, 
because  of  tlie  survival  of  weak  strains  in  combination.  In  self- 
fertilized  species,  new  characters  that  weakened  the  individual 
would  have  been  immediately  eliminated.  Only  strains  that  stood 
by  themselves,  that  survived  on  their  own  merits,  would  have  been 
retained.  On  the  other  hand,  weak  genotypes  in  cross-fertilized 
species  were  retained  through  the  vigor  that  they  exhibited  when 
crossed  with  other  genotypes.  The  result  is,  therefore,  that  self- 
fertilized  strains  that  have  survived  competition  are  inlierently 
stronger  than  cross-fertilized  strains.  On  this  account  weak  geno- 
types may  often  be  isolated  from  a  cross-fertilized  species  that  as  s 
whole  is  strong  and  hardy. 
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TALtTB  OF  HETBBOZYOOSIB  IN  FI.ANT  BBBBDINO. 

First-generation  hybrids  of  many  economic  plants  give  a  yield 
sufficiently  greater  than  pure  strains  to  pay  for  their  proiJuction 
and  leave  a  profit.  This  is  true  only  of  crops  where  crossing  is  easy 
and  where  profit  is  made  from  accelerated  and  increased  cell  divi- 
sion or  number  of  fruits.  In  general,  it  is  not  true  whore  the  selling 
price  is  greatly  increased  by  the  possession  of  some  special  quality. 
As  Collins  has  remarked,  value  may  at  times  accrue  also  from  the 
fact  that  a  plant  breeder  who  has  found  a  great  increase  in  yield 
from  growing  the  first  hybrid  generation  of  a  particular  cross  may 
keep  the  parents  a  secret  and  maintain  a  justly  remunerative  busi- 
ness by  selling  hybridized  seed  or  seedlings.  A  few  suggestions  as 
to  the  crops  to  which  this  method  may  be  applied  are  given  below. 


Maize  is  our  most  important  field  crop,  and  an  increase  of  one 
bushel  per  acre  to  the  average  yield  would  add  many  millions  of 
dollars  annually  to  the  nation's  resources.  The  methods  now  in 
general  use  for  its  improvement  all  follow  Vilmorin's  isolation 
principle.  Progeny-row  teste  are  grown  from  individual  ears.  This 
means  that  good  strains  are  isolated,  but  it  abo  means  that  the 
longer  selection  is  carried  on  the  nearer  is  s  homozygous  condition 
approached.  Thus  the  increased  stimulus  due  to  heterozygosis  is 
lost.  Since  from  both  Shull's  tests  and  our  own,  strains  made 
almost  homozygous  by  artificial  inbreeding  have  yielded  as  high  as 
250  per  cent  increase  over  the  average  of  the  parents,  this  stimulus 
is  not  to  be  lightly  disregarded.  Of  course  these  tests  were  made 
with  strains  so  nearly  homozygous  that  they  gave  very  low  yields. 
But  we  have  obtained  yields  of  ear  com  very  much  higher  than  are 
ever  given  on  land  of  like  fertility  by  commercial  types.  ShuU 
(1909)  has  therefore  suggested  that  near-homozygous  strains  be  pro- 
duced by  self-fertilization,  the  beet  combination  determined  by  ex- 
periment, and  hybridized  seed  of  this  combination  sold.  This  pro- 
cedure is  undoubtedly  the  best  in  theory,  because  the  greatest  degree 
of  heterozygosis  is  thereby  obtained.  Perhaps  it  can  be  made  prac- 
tical, but  we  are  afraid  very  few  commercial  men  would  undertake  it. 

As  a  method  whose  practicability  outweighs  its  theoretical  disad- 
vantage, the  senior  writer  (East,  1909)  has  suggested  that  combina- 
tions of  commercial  varieties  be  made,  testing  them  until  the  most 
profitable  combination  is  found.  Since  maize  is  moncecious,  this 
method  can  be  used  on  a  largo  scale  at  a  small  cost.  It  is  only  neces- 
sary to  take  two  varieties,  A  and  B,  plant  them  in  alternate  rows, 
and  detassel  all  of  the  plants  of  one  variety.    The  seed  gathered 
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from  this  detosseled  variety  is  all  crossed  seed  aad  will  give,  in  gen- 
eral, a  greater  yield  than  the  average  of  the  two  parents.  Crossed 
seed  can  be  produced  in  this  manner  at  an  additional  cost  over 
natural  seed  of  not  over  9  cents  per  bushel.  If  it  aver^es  two 
bushels  per  acre  increase  in  yield,  the  producer  can  sell  it  at  one 
dollar  advance  over  natural  seed  and  stiU  allow  the  buyer  a  good  . 
profit.  The  method  is  given  in  greater  detail  in  another  paper 
(Hayes  and  East,  1911). 

This  plan  we  thought  original,  but  Collins  (1910)  has  shown  that 
it  is  comparatively  old.  It  has  been  suggested  time  and  again  with- 
out gaining  a  foothold  in  agricultural  practice.  Let  us  hope  that 
the  time  is  now  ripe  for  a  scientific  method  to  be  understood,  appre- 
dated,  and  used. 

It  is  fortunate  that  we  have  at  hand  data  from  many  agriculturists 
showing  the  value  of  using  first^eneration  hybrids  in  maize.  They 
are  very  convincing.  We  will  not  discuss  tbem  in  detail,  but  refer 
the  reader  to  Collins'e  paper  (1910).  We  may  say,  however,  that  the 
following  researches  have  shown  that  a  commercial  use  of  the  method 
is  possible:  Beal  at  the  Michigan  Experiment  Station  in  1880,  Ii^er- 
BoU  at  the  Indiana  Experiment  Station  in  1881,  Sanborn  at  the 
Maine  Experiment  Station  in  1889,  Morrow  and  Gardner  at  the 
Illinois  Experiment  Station  in  1892,  ShuU  of  the  Carnegie  Institution 
Station  for  Experimental  Evolution  in  1909,  East  at  the  Connecticut 
Experiment  Station  in  1909,  Collins  and  his  assistants  of  the  United 
States  Department  of  Agriculture  in  1910,  Hayes  and  East  at  the 
Connecticut  Experiment  Station  in  1911,  and  Hartley  and  his  assist- 
ants of  the  United  States  Department  of  Agriculture  in  1912. 

TBUCK  CBOPB. 

In  some  truck  and  garden  crops,  such  as  beans  and  peas,  the  diffi- 
culty of  malting  artificial  crosses  absolutely  precludes  a  commercial 
use  of  the  stimulus  due  to  heterozygosis.  Other  crops,  such  as 
pumpkins  and  squashes,  are  too  plentiful  and  cheap  to  be  worth  the 
trouble.  Besides,  these  crops  are  so  often  crossed  naturally  that 
they  are  always  more  or  less  heterozygoiis.  On  the  other  hand, 
there  are  garden  crops  that  are  in  demand  at  all  seasons  of  the  year 
and  are  grown  under  glass  during  the  winter  with  profit.  Some  of 
them  are  easily  crossed  and  will  pay  for  their  crossing.  As  examples, 
tomatoes  and  e^plants  may  be  cited.  Both  are  easily  crossed  and 
are  worth  croswng.  We  grew  a  cross  between  Golden  Queen  and 
Sutton's  Best  of  All  tomatoes  in  1909.  It  outyielded  both  parents. 
Further,  we  are  informed  that  several  unpublished  experiments  at 
the  New  York  Experiment  Station  by  Wellington  have  shown  that 
crossed  seed  is  worth  its  production. 
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Eggplants  have  another  advantage  that  should  be  mentioned. 
Varieties  exist  whose  fruits  are  so  lai^e  that  the  buyer  does  not  care 
for  them,  the  seller  makes  no  profit,  and  the  plant  produces  a  veiy 
limited  number.  Other  varieties  have  very  small  fruit.  Now  fruit 
size  is  intermediate  in  the  first  hybrid  generation,  while  the  number 
produced  is  increased  and  the  time  of  ripening  advanced. 

PLANTS  REPRODUCED  A8EXUALLY. 

The  one  type  of  plants  where  heterozygosis  has  bean  utilized, 
though  not  purposely,  is  that  class  which  is  reproduced  asexually  by 
cuttings,  grafts,  etc.  Potatoes  and  grapes  are  good  examples.  Com- 
mercial varieties  are  always  hybrids,  and  the  reason,  we  think,  is 
because  the  hybrids  yield  So  profusely.  The  cross  is  made  and  the 
best  plant  of  the  first  generation  is  simply  multiplied  indefinitely  by 
division.  This  method  could  be  applied  more  generally  to  bu^ 
fruits,  such  as  gooseberries,  raspberries,  blackberries,  etc.,  and  to  the 
larger  fruits,  like  apples,  pears,  and  peaches. 


There  is  one  other  class  of  economic  plants  where  it  seems  possible 
to  make  a  practical  use  of  heterozygosis.  We  refer  to  trees  used  for 
lumber.  Many  plans  for  breeding  forest  trees  have  been  su^ested, 
yet  we  have  never  seen  the  use  of  first-generation  hybrids  suggested. 
This  omission  seems  strange,  for  as  early  as  1865  (Darwin,  "Animals 
and  Plants,"  vol.  2,  p.  107)  M.  Klotzsch  crossed  Pinus  aylveatria  and 
nigricaiis,  Quercus  robur  and  peduncvlata,  Alnus  glutinosa  and  ijieana, 
Ulmus  campestris  and  effusa  and  planted  the  crossed  seeds  and  seeds 
of  the  pure  parent  species  in  the  same  place  and  at  the  same  time. 
The  result  was  that  after  eight  years  the  hybrids  averaged  one-third 
taller  than  the  parent  trees.  Further,  the  quick-growing  hybrid 
walnuts  produced  by  Luther  Burbank  undoubtedly  owe  that  valu- 
able quality  to  heterozygosis. 

A  large  amount  of  experimental  work  will  be  necessary  before 
definite  recommendations  can  be  made  as  to  what  species  can  be 
crossed,  what  result  may  be  expected,  and  what  extra  cost  must  be 
allowed  for  the  production  of  hybrid  seed.  It  is  perfectly  evident 
that  hybrid  seed  will  be  impossible  in  many  cases,  and  even  where 
hybrids  can  be  produced  comparatively  few  can  be  crossed  at  a  small 
enough  cost  to  make  the  scheme  a  commercial  success.  On  the  other 
hand,  we  have  no  doubt  that  with  many  good  lumber  trees  crossing 
would  be  found  easy  and  hybrid  seed  could  be  sold  with  a  wide 
margin  of  profit  both  to  producer  and  to  forester. 
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THE  EXPORT  AND  MANUFACTURING  TOBACCOS 
OF  THE  UNITED  STATES,  WITH  BRIEF  REFER- 
ENCE TO  THE  CIGAR  TYPES. 


□TTBODITCriON. 

DISTINCTION    BETWEEN   THE    EXPORT    AND    MANIIFACTUBING    AND  THE 
CIOAB  TYPES    OF   TOBACCO. 

The  designations  "export"  and  "manufacturing"  are  used  by  the 
trade  to  distinguish  these  tobaccos  from  cigar  tobacco.  The  terms 
themselves  do  not  make  the  distinction  very  clear.  The  making  of 
cigars  might,  of  course,  be  regarded  as  a  manufacturing  process,  but 
as  here  used  the  term  is  Jimited  to  the  domestic  manufacture  of  pipe 
and  cigarette  smoking  tobacco,  cigarettes,  chewing  tobacco,  and 
snuff.  There  is,  however,  some  reason  for  restricting  the  term  "manu- 
facturing" to  these  types,  because  the  making  of  cigars  is  largely 
a  hand  process,  requiring  in  its  simpler  forms  no  machinery  worth 
mentioning.  In  the  case  of  the  manufacturing  tobaccos,  however, 
the  machinery  used  is  the  dominating  element,  from  putting  the  leaf 
into  keeping  order  by  the  elaborate  and  costly  machine  drier  to  the 
finished  products  of  the  plug  presses,  the  granulating  and  cutting 
machines,  and  the  snuff  and  cigarette  machines.  The  manufacture 
of  these  types  adapts  itself  readily  to  the  concentration  of  a  great 
business  into  a  single  very  large  factory,  with  an  elaborate  and  costly 
machine  equipment,  without  which  the  chances  of  successful  compe- 
tition are  minimized.  As  is  well  known,  this  point  has  been  of  funda- 
mental importance  in  the  success  of  the  great  tobacco  combinations 
in  the  manufacturing  field. 

The  export  tobaccos  arc  of  the  same  general  type  as  those  used  in 
domestic  manufacture,  the  same  general  methods  are  used  in  pro- 
ducing and  handling  them,  and  in  finding  a  market  they  move  through 
the  same  channels  of  trade.  The  export  and  manufacturing  tobaccos 
are  thus  naturally  and  properly  considered  together  as  a  single  broad 
type,  although,  as  will  be  explained  later,  there  are  important  modi- 
fications of  quality  in  connection  with  some  of  them  that  cause  cer- 
tain types  to  be  used  mostly  for  domestic  manufacture  and  consump- 
tion and  others  to  be  mainly  exported. 
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10  EXPOKT  AKD  MANUFACTUEING   TOBACCOS. 

We  have  already  noted  one  importaDt  difference  between  the  cigar 
and  the  export  and  manufacturing  tobacco  industries;  that  is,  in  the 
machinery  used  in  manufacture  and  in  the  tendency  to  consolidation 
in  large  plants.  This,  however,  is  only  one  of  several  reasons  that 
cause  them  to  fall  quite  naturally  into  different  classifications. 

The  cigar  tobaccos  are  produced  on  different  soils  and  in  other 
sections  of  the  country.  A  very  different  type  of  seed  is  used.  The 
methods  of  cultivation,  harvesting,  and  especially  handling  after 
harvest  are  distinctive,  and  they  move  to  market  through  separate 
trade  channels.  The  Bureau  of  Internal  Revenue  expressly  forbids 
the  making  of  cigars  and  the  manufacture  of  tobacco  in  the  same 
factory,  and  with  some  exceptions  the  growers,  handlers,  dealers,  and 
manufacturers  of  the  export  and  manufacturing  tobaccos  generally 
have  very  little  or  nothing  to  do  with  cigar  tobacco. 

IMPORTS   AND    EXPORTS    OF   TOBACCO. 

The  standard  of  quality  in  the  export  and  manufacturing  and  in  the 
cigar  types  of  tobacco  is  very  different,  which  is  strikingly  empha- 
sized by  the  fact  that  while  some  thirty-odd  millions  of  pounds  of  cigar 
tobacco  are  imported  yearly,  above  300,000,000  pounds  of  the  other 
type  (average  of  1910  and  1911  was  356,281,573  pounds)  are  each 
year  exported.  Strangely  enough,  however,  the  value  per  pound  of 
the  tobacco  imported  is  so  much  greater  than  of  that  exported  that 
the  value  of  the  imports  offsets  about  two-thirds  the  value  of  our 
exports  (for  15  years  ending  with  1911,  61  per  cent;  for  the  fiscal 
year  1910-11,  72  per  cent),  so  that  the  balance  of  trade  in  favor  of 
the  United  States  on  the  tobacco  account  is  smaller  than  might 
be  supposed. 

The  tobacco  which  is  imported  consists  principally  of  cigar-hQer 
leaf  and  cigars  from  Cuba  and  cigar-wrapper  leaf  from  the  Dutch  East 
Indies  (Sumatra  and  Borneo,  purchased  at  Amsterdam  and  Rotter- 
dam, Holland)  and  is  the  finest  and  highest-priced  tobacco  in  the 
world.  Our  imports  of  Turkish  tobacco,  for  use  principally  in  ciga- 
rettes, is  coming  to  be  of  considerable  importance  and  is  rapidly 
increasing. 

This  imported  tobacco  bears  a  very  high  rate  of  import  duty  for  the 
protection  of  cigar-leaf  growers  in  the  United  States  and  for  revenue, 
which  is  at  the  rate  of  SI. 85  per  pound  on  wrappers  and  35  cents  per 
pound  for  fillers,  with  a  reciprocity  discount  of  20  per  cent  in  the  case 
of  Cuban  imports.  Adding  tliis  duty  to  the  declared  value  of  the 
imported  tobacco  and  cigars  causes  it  to  exceed  the  value  of  our 
exports  by  more  than  30  per  cent.  These  values  are  shown  in 
Tables  I  and  II. 
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The  trade  movements  of  the  export  and  manufacturing  types  are 
of  course  not  entirely  separate  from  the  cigar  types,  and  one  could 
easily  find  points  of  real  contact  and  more  or  less  striking  points  of 
similarity.  There  are  no  official  figures  to  quote,  but  it  is  generally 
known  by  those  connected  with  the  trade  that  every  year  some  of 
the  export  types  of  tobacco  are  useil  in  the  manufacture  of  cheap 
cigars,  stogies,  and  cheroots.  Conversely,  a  considerable  quantity 
of  cigar  leaf  in  the  aggregate  is  used  in  manufactured  tobacco, 
particularly  in  those  brands  known  as  scrap  tobacco,  made  largely 
from  cigar  cuttings  and  the  heavier  and  commoner  grades  of  cigar 
leaf.  As  noted  in  Table  I,  also,  more  than  2,000,000  cigars  are 
exported  annually,  which  is  an  insignificant  quantity  compared  with 
our  imports  or  home  consumption,  and  it  is  generally  known  that  a 
small  quantity  of  cigar  leaf  is  exported  annually,  notably  to  Canada, 
England,  and  Germany. 

Imports  include  also  a  very  small  quantity  of  manufactured 
tobacco,  mostly  fancy  brands  used  by  foreigners  resident  here;  some 
cigarettes,  mostly  of  Turkiah  tobacco ;  and  a  considerable  and  rapidly 
increasing  quantity  of  Turkish  leaf  now  amounting  to  about  10,000,000 
pounds  annually  for  use  in  manufacturing  Turkish  cigarettes  and  for 
blending  with  our  own  domestic  cigarette  and  smoldng-tobacco 
mixtures. 
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12  EXPORT  AND   MANUFACTURING  TOBACCOS. 

BABLT  HISTOBT  OF  THE  TOBACCO  INSUSTBT. 
DETBLOPHENT   IN  COLONUL  TIMES. 

The  commercial  culture  of  tobacco  in  this  country  was  almost 
coincident  with  the  first  permanent  settlement  established  at  James- 
town, Va.,  in  1607.  The  people  of  Great  Britain  and  of  Continental 
Europe  had  aheady  become  familiar  with  the  use  of  tobacco  from 
the  numerous  expeditions  to  various  parts  of  the  New  World  during 
the  previous  115  years  since  its  discovery  by  Columbus,  and  during 
the  last  50  years  of  that  period  it  had  become  common  to  include  as 
much  tobacco  as  possible  in  the  return  cai^o  from  the  various  parts 
of  the  New  World  where  it  might  be  obtained  from  the  natives. 
Introduced  first  because  of  its  supposed  medicinal  effects,  the  taste 
and  demand  for  it  had  already  become  general  in  much  of  Europe 
and  the  Britifih  Isles. 

The  Virginia  colonists  soon  found  that  it  was  about  the  only 
commodity  which  they  could  produce  that  would  exchange  to  advan- 
tage against  the  various  manufactured  necessities  or  luxuries  which 
they  desired  from  the  home  country.  History  records  that  John 
Rolfe  was  growing  tobacco  in  the  streets  of  Jamestown  in  1612,  and 
in  1618  the  first  official  statement  of  exports  is  recorded,  which 
amounted  in  that  year  to  20.000  pounds  of  tobacco  at  a  valuation 
of  54  j  cents  per  pound. 

These  early  settlers  found  a  heavily  forested  country,  which  re- 
quired a  great  expenditure  of  labor  to  clear  and  put  into  shape  for 
planting.  Nothing  else  that  could  be  grown  would  produce  so  lai^e 
an  exchange  value  from  a  given  area  of  land  against  manufactured 
commodities  from  home  as  tobacco.  It  absorbed  almost  the  entire 
attention  of  the  early  settlers,  aside  from  producing  sufficient  com, 
wheat,  and  vegetables  for  mere  subsistence.  At  first  the  cultivation 
was  restricted  almost  entirely  to  the  richest  river  land  along  the 
James,  the  York,  and  the  Kappahannock  Rivera,  where  the  largest 
yield  and  highest  return  for  a  given  amount  of  effort  could  be  obtained 

New  colonists  were  constantly  arriving  and  the  production  of  to- 
bacco increased  with  wonderful  rapidity.  From  20,000  pounds  in 
1618  the  exports  increased  in  1627,  nine  years  later,  to  500,000 
pounds. 

In  the  later  forties  the  palatinate  of  Maryland  (officially  established 
in  1634  with  the  first  settlement  at  St.  Marj^s)  was  also  developing 
rapidly  in  population  and  in  the  production  of  tobacco,  which  became 
tiiere  also  the  main  reliance  and  most  available  resource  as  a  commer- 
cial medium  for  exchange  against  the  necessities  and  luxuries  of  the 
Old  Worid. 

In  1630  the  total  exports  for  the  two  colonies  reached  the  lai^e  total 
of  1,600,000  pounds,  but  the  value  had  dropped  to  6.08  cents  a  pound. 
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Although  the  market  in  England  and  on  the  Continent  was  a  rapidly 
expanding  one,  production  in  America  under  the  influence  of  necessity 
occasioned  by  the  rapidly  increasing  influx  of  immigration,  particu- 
larly indentured  white  laborers  and  negro  slaves,  increased  at  a  still 
greater  rate.  Just  at  this  period  also,  England  was  entering  upon  her 
navigation  and  colonial  policy,  which  had  for  its  object  the  building 
up  of  English  shipping,  creating  and  retaining  exclusive  control  of 
the  colonial  markets  for  home  manufactures  and  increasing  national 
resources. 

Parliament  passed  laws  effectively  prohibiting  the  importation 
of  any  tobacco  except  from  the  Colonies.  This  excluded  Spanish 
colonial  tobacco,  which  had  hitherto  been  of  considerable  importance, 
and  secured  a  monopoly  of  the  British  murkets  for  the  Colonies. 
Conversely,  however,  the  Colonies  were  forbidden  to  export  tobacco, 
except  to  the  mother  country  and  in  En^sh  ships.  This  had  the 
effect  of  reserving  the  market  for  colonial  tobacco  to  England  only 
and  helped  to  build  up  English  shipping,  but  it  placed  the  colonists 
entirely  at  the  mercy  of  English  mercJiants  and  shipowners  as  to 
prices  obtained  for  tobacco.  The  British  merchants,  however,  could 
sell  colonial  tobacco  to  other  countries  freely  after  it  had  passed  the 
British  ports,  and  it  is  estimated  that  during  the  colonial  period  two- 
thirds  or  more  of  the  colonial  tobacco  reaching  England  was  resold  for 
use  in  continental  countries.  England  thus  became  the  great  supply 
center  for  leaf  tobacco  for  the  rest  of  Europe. 

In  order  to  increase  colonial  imports,  augment  customs  receipts,  and 
make  the  farming  out  of  the  tobacco  monopoly  of  greater  value  to  the 
King,  the  growing  of  tobacco  in  Britain,  which  had  already  become 
of  some  importance  in  certain  sections  there,  was  forbidden.  Laws 
were  also  passed  discouraging  the  development  of  any  manufacturing 
activities  in  the  Colonies  in  order  to  retain  the  colonial  markets  for 
British  products.  This,  too,  had  the  effect  of  making  still  more  com- 
plete the  dependence  of  the  Colonies  upon  agriculture  alone  as  a  means 
of  livelihood,  and  for  exchange  purposes  tobacco  seemed  to  be  the  only 
resource.  The  whole  policy  as  outlined,  together  with  the  rapidly  in- 
creasing population  of  the  Colonies,  conspired  to  increase  production 
and  depress  prices.' 

In  1664  exports  amounted  to  23,750,000  pounds  at  3.09  cents  a 
pound.     So  it  went  on  with  production  and  prices  fluctuating  greatly 

1 1t  ahould  perh^H  b«  notsd  in  this  coimectlon  UxbE  the  Bctldn  ot  (his  cdIoiiIbI  policy  in  reapect  to  If  ai;- 
laad  was  aomnthat  different  from  that  of  the  other  cnloiilss.  Uvyiand  vta  a  palatinate  and  as  such  had 
a  degna  of  freedom  from  control  by  the  mother  country  not  eii^aj'ed  by  Vlrglnln  end  the  other  Colocks. 
For  example,  thepoUcy  limiting  the  exports  of  colonial  tobacco  to  Great  Britain  did  not  apply  to  Mary- 
land. Ehe  thus  enjoyed  a  freer  market  and  sold  much  of  her  product  directly  to  other  countries  in  Europe, 
particularly  to  France  and  Holland,  and  built  up  a  trade  In  tobacco  leaT  nith  these  countrin  which  has 
persisted.  Those  countries  continue  to  take  between  them  the  larger  portion  of  the  Maryland  product 
Virginia,  however,  produced  a  much  larger  quantity  of  tobacoo  than  Maryluid,  Wd  vat  nail;  the  cc 
trolling  factor  In  prlcea  and  productlou  in  colonial  Urnea. 
344 
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from  year  to  year  throughout  the  whole  colonial  period,  the  produc- 
tion always  tending  to  expand  rapidly,  as  the  average  of  a  series  of 
years,  attended  with  chronic  dissatisfaction  from  low  prices.  The 
lowest  recorded  price  was  1.52  cents  a  pound  in  1730,  when  exporta- 
tiona  were  36,000,000  pounds. 

All  through  this  early  period  tobacco  was  a  constant  source  of  legis- 
lation, particularly  in  the  Vii^inia  Assembly,  in  the  effort  to  control 
production  and  keep  up  the  price,  but  the  effort  usually  met  with 
little  or  at  best  only  temporary  success.  Laws  limiting  the  number 
of  plants  grown  by  each  planter,  limiting  the  number  of  leaves  to  be 
harvested,  providing  for  the  total  destruction  of  a  portion  of  the 
stocks  on  hand,  or  eliminating  a  crop  altogether  were  passed  from 
time  to  time.  On  several  occasions  memorials  were  addressed  to  the 
King  praying  for  relief.  Several  times  negotiations  between  Virginia 
and  Maryland  were  attempted  for  the  purposes  of  limiting  production 
and  maintaining  prices,  but  it  usually  happened  that  lack  of  unity 
would  defeat  the  effort,  and  when  one  colony  tried  to  limit  production, 
the  other  would  increase  the  acreage.  Warehouses,  or  rolling  houses 
as  they  were  first  called,  wore  established  at  several  points  with  sworn 
official  inspectors.  Laws  were  passed  placing  heavy  penalties  against 
nesting  or  false  packing,  in  the  hope  thus  to  raise  the  price  level  which 
the  English  merchants  would  be  willing  to  pay.  Both  Maryland  and 
^rginia  tried  to  fix  artificially  the  price  of  tobacco  by  statute.  No 
legislative  device,  however,  seemed  able  permanently  to  overcome  the 
combined  influence  of  the  natural  conditions  favoring  the  production 
of  tobacco  and  the  artificial  influences  of  the  British  colonial  policy 
and  navigation  laws  and  the  rapidly  increasing  colonial  population, 
including  cheap  slave  labor  in  particular. 

Production,  therefore,  continued  to  increase  and  low  prices  worried 
the  colonists  until  the  outbreak  of  the  American  Revolution,  when  the 
production  in  the  Colonies  was  at  its  maximum.  Exports  averaged 
about  100,000,000  pounds  annually  for  the  yeare  1770  to  1774.  But 
the  war,  of  course,  nearly  put  a  stop  to  exports.  The  English  market, 
which  had  been  receiving  almost  all  the  colonial  tobacco,  was  closed 
to  the  Colonies  and  the  danger  from  seizure  by  English  privateera 
and  gunboats  was  great  and  the  war  itself  absorbed  the  attention  of 
the  great  body  of  the  people.  The  low  mark  for  this  period  was 
reached  in  1776,  when  exports  were  only  2,440,947  pounds  of  tobacco, 
and  the  exports  for  the  seven  years  of  war  averaged  less  than  12,500,- 
000  pounds  yearly.' 

■  It  may  be  of  iDl«rttt  to  QOIfi  that  soon  after  thfl  estabUahnient  of  Uie  permoiiant  ooloDlcs  In  tlio  New 
England  section  atump  ta  wera  made  there  to  grow  sad  export  tubacco,  but  ocmdlttoni  TrDrBsucli  that  them 
efforts  vrera  attended  with  no  real  loocss.  The  pdncipel  cause  of  this  bllure  In  New  Ec^acd  wee  lergely 
Hue  to  Its  soU,  which  did  not  passtss  anything  like  the  natural  terllUtj'  of  the  rich  rtvot  velloys  of  VWnl*. 
Tobacco  ;rowlTi|t  In  New  England  never  amounted  to  much  until  the  inlTDducUon  of  the  otgar^lobaooo 
Industry  Into  the  Connecticut  Valley  In  ttie  second  queii«i  of  the  nineteenth  century-  ,  .,  ii  i  ■, ' 
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At  the  close  of  the  Revolutionary  War  the  production  and  exporta- 
tion of  American  tobacco  was  of  course  resumed,  but  under  very 
different  conditions,  as  the  British  colonial  policy  and  navigation 
laws  were  no  longer  effective  here. 

Almost  from  the  beginning  of  the  commercial  trade  in  tobacco 
it  seems  to  have  been  regarded  as  an  available  asset  for  taxation. 
In  Great  Britain  and  in  many  of  the  continental  countries  it  was 
made  to  yield  a  good  revenue  by  duties  upon  imports  and  by  farming 
out  the  privilege  of  trading  in  it.  Indeed,  the  Colonics  themselves 
were  able  to  realize  considerable  public  revenue  by  means  of  an 
export  tax,  which  stood  for  a  portion  of  the  time  in  both  Vii^nia 
and  ^Maryland  at  2  shillings  per  hogshead.  This  poUcy  of  using 
tobacco  as  a  subject  for  taxation,  as  is  well  known,  has  become  a 
fixed  poUcy  with  most  of  the  leading  nations  to-day,  either  in  the 
form  of  customs  duties  or  internal  taxes  or  by  governmental  monop- 
oly, and  the  revenue  exacted  is  in  many  cases  much  more  than  the 
value  of  the  tobacco  itself, 

DKVIXOPMENT   FROM   THE   REVOHJTION   TO  THE   CIVIL  WAH. 

In  the  half  century  succeeding  the  Revolutionary  War  a  number 
of  effective  causes  tended  to  check  the  production  and  exportation 
of  leaf  tobacco  in  the  United  States.  The  war  itself  had  made  it 
impossible  for  European  countries  to  import  their  regular  supplies  of 
American  tobacco,  and  they  turned  to  other  sources,  particularly  to 
Cuba  and  to  the  Dutch  East  Indies.  They  also  tried  the  experiment 
of  producing  a  portion  of  their  supply  at  home.  The  long  series  of 
Napoleonic  wars,  which  for  many  years  absorbed  the  attention  of 
all  Europe  and  which  at  times  almost  prohibited  and  nearly  always 
menaced  commerce  seriously,  tended  still  further  to  encourage 
home  production  of  tobacco  by  the  countries  of  Europe. 

From  the  close  of  our  Revolutionary  War  to  the  breaking  out  of 
the  War  of  1812  exports  of  tobacco  fluctuated  from  about  50,000,000 
to  100,000,000  pounds  a  year,  vt-ith  an  average  of  about  75,000,000 
pounds,  except  in  the  year  1807,  when  the  effect  of  the  Berlin  and 
Milan  decrees  made  all  commerce  with  England  or  Europe  practi- 
cally impossible  and  our  exports  wore  but  9,576,000  pounds.  The 
War  of  1812,  with  President  Jefferson's  embargo  proclamation  for- 
bidding all  American  ships  to  leave  port,  caused  our  shipments  of 
tobacco  in  1812  and  1813  to  aggregate  only  5,314,000  and  3,125,000 
pounds,  respectively. 

After  the  world-wide  cessation  of  hostilities  in  1815,  following 
Waterloo  in  Europe  and  New  Orleans  in  this  country,  our  exports  of 
tobacco  again  immediately  rose  to  fairly  large  proportions.  All 
Europe,  however,  including  England,  found  itself  financially  pros- 
trated, and  tobacco  was  one  of  the  commodities  selected  upon  wbicic 
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to  levy  still  higher  taxes.  For  example,  Great  Britain,  which  had 
been  collecting  an  import  duty  of  15  cents  per  pound  on  tobacco, 
raised  it  in  1815  at  one  leap  to  75  cents  per  pound.  Such  a  great 
increase  in  the  tax  of  course  seriously  upset  and  hindered  normal 
trade  movements  in  leaf  tobacco  for  a  considerable  time,  and  it  was 
not  until  1840  that  our  exports  of  leaf  really  began  to  average  higher 
than  they  did  just  before  the  Revolutionary  War.  In  1840  the  ex- 
ports of  leaf  were  147,828,000  pounds  and  continued  at  about  this 
average  with  a  slight  tendency  to  increase  until  just  before  the  break- 
ing out  of  the  Civil  War,  the  maximum  figure  up  to  that  time  being 
recorded  in  1858,  when  204,213,000  pounds  of  leaf  were  exported. 

The  greatly  increased  economic  independence  resulting  from 
national  independence,  with  freedom  from  the  repressive  navigation 
laws  and  colonial  policy  of  Great  Britain,  had  the  double  effect  of 
increasing  interest  in  manufactures  (forbidden  by  the  British  colonial 
policy)  and  rendering  the  Colonies  less  dependent  upon  a  single  agri- 
cultural product.  After  the  Revolutionary  War,  therefore,  from 
about  1800  on,  the  price  of  tobacco  ruled  at  a  considerably  higher 
level  than  in  colonial  times.     In  the  colonial  period  from  3  cents  to 

4  cents  a  pound  was  the  rule.  From  independence  to  the  Civil  War 
the  average  ranged  from  6  cents  to  0  cents,  and  it  but  once  got  below 

5  cents  (4.9  cents  in  1842)  and  on  several  occasions  went  above  12 
cents  a  pound. 


Our  manufactures  of  tobacco  in  colonial  times  were  inconsequential 
and  our  exports  of  manufactured  tobacco  were  nothing.  We  even 
imported  considerable  smoking  tobacco  and  snuff  from  the  home 
country.  With  independence,  however,  and  freedom  from  England's 
oppressive  colonial  policy,  the  development  of  tobacco  manufactures 
in  the  tobacco-growing  States  at  once  became  of  importance.  In 
1790,  28,6-37,175  pounds  were  manufactured  and  used  in  domestic 
consumption.  Exports  of  manufactured  tobacco,  however,  amounted 
to  only  96,811  pounds,  but  the  growth,  though  gradual  in  the  early 
days,  was  steady  and  certain.  In  1820  the  exports  of  manufactures 
had  grown  to  1,377,501  pounds,  and  in  the  census  year  1859,  just 
before  the  Civil  War,  to  17,737,232  pounds,  tlie  highest  record  to  the 
present  time.* 

EXTENSION  OP  FSODUCINQ  A8EAS. 

During  the  colonial  period  Virginia  and  Maryland  had  produced 
practically  all  of  the  tobacco  in  this  coimtry,  except  a  comparatively 
small  quantity  from  the  border  counties  of  North  Carolina.    WiUi 

■  Basis  or  lOregobic  flgura,  Y«(trbook,  U.  S.  Dept.  of  A^lcultura,  lor  IVOS,  pp.  883-688. 
2M 
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the  close  of  the  Revolutionary  War  the  pioneering  movement  to  tlie 
country  bej'ond  the  Alleghenies  into  what  ia  now  Kentucky,  Ten- 
nessee, and  southern  and  eastern  Ohio  went  on  at  an  increased  rate. 
Many  of  these  frontieramen  were  from  the  tobacco-producing  sec- 
tions of  Virginia  and  Maryland  and  it  was  quite  natural  that  they 
should  try  tobacco  growing  in  the  new  settlements.  As  in  \'irginia, 
the  soil  and  other  natural  conditions  of  much  of  this  new  country 
were  suitable  for  the  production  of  tobacco.  Marketing  facilities 
were  available  by  means  of  the  numerous  navigable  rivera  connect- 
ing with  the  Ohio  and  Mississipjji  Rivers  and  down  these  to  New 
Orleans  and  thence  to  the  markets  of  Europe  on  nearly  as  favoraMe 
a  basis  as  that  enjoyed  by  Virginia  and  Maryland. 

As  the  ])opiilation  of  these  States  grew,  so  did  the  production  of 
tobacco,  and  by  1840  we  find  Kentucky  producing  much  more  than 
Mar^'land,  and  ranking  second  only  to  Virginia  until,  with  the  favoring 
influence  of  the  Civil  War,  which  entirely  prostrated  production  in 
Virginia,  she  passed  into  first  place,  a  position  which  she  continues 
easily  to  hold  by  a  big  margin. 

In  this  period  also  the  production  of  tobacco  was  carried  over  into 
Missouri  on  an  extensive  commercial  scale.  The  crop  in  that  State 
amounted  in  1S60  to  2.'i,086,in6  pounds  and  in  1876  its  larg^-st  crop 
was  produced,  amounting  to  43,245,000  pounds,  causijig  it  to  rank 
in  production  for  that  year  ahead  of  the  other  important  ])roducing 
States,  Tennessee,  Ohio,  Maryland,  and  North  Carolina,  an<l  inferior 
only  to  Kentucky  and  Virginia.  Missouri's  product  has  recently 
fallen  off  markedly  in  quantity,  however,  and  she  is  now  no  longer 
to  be  reckoned  among  the  important  tobacco-growing  States. 


During  the  colonial  j)onoil  the  production  of  distinctive  <igar 
types  of  toliacco  was  not  recognized,  and  there  had  betm  no  impor- 
tant commercial  development  of  tobacco  growing  in  any  of  the  now 
important  cigar-tobacco  ]>roducing  sections  of  our  country. 

During  tho  firat  quarter  of  the  nineteenth  century  the  manufac- 
ture of  cigars  had  its  infant  beginnings  as  a  household  industry  in 
some  of  the  Connecticut  Valley  country  towns.  The  industry  grew 
very  slowly  at  first  and  correspondingly  slow  progress  was  made  in 
the  growing  of  cigar  leaf,  which  Ukewise  had  its  beginnings  in  the  Con- 
necticut Valley  in  the  section  between  Hartford,  Conn.,  and  Spring- 
field, Mass. 

Other  centers  of  development  for  the  production  of  the  cigar  or 

seed-leaf  types  of  tobacco  almost  coeval  with  that  of  the  Connecticut 

Valley  were  the  present  area  in  Lancaster  and  Tork  Counties,  Pa.; 

the  Gadsden  County,  Fla.,  area;  the  Miami  Valley,  Ohio,  area;  and 

45801°— Bui.  244—12 2  ^-,  . 
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the  Onondaga  and  Big  Flats  areas  in  New  York  State.  In  none  of 
these  areas,  however,  did  the  production  of  cigar  tobacco  attain 
much  importance  till  the  closing  decade  of  the  period  juBt  preceding 
the  Civil  War.    This  fact  is  shown  in  Table  III, 


Tablb  lll.—DeveloptTiml  of 


n  the  decade  preeeding  the  Civil 


i.o«mi«. 

IMS 

18!M 

ConM^tVBllej-: 

J-wmb. 

P™«h- 

i,«.'>,»ro 
soolooo 

Total  cigar  loaf 

18,M3.73a 

>  Figures  for  ISK.l.OftTc 


W  eaita  (from  Kllltbrpw's  ' 


h  Ocnsus  report).    Wrtjhtol 


The  present  important  Wisconsin  area  had  no  development  of  com- 
mercial importance  until  after  the  Civil  War. 

This  rapid  increase  in  the  jjroduction  of  cigar-leaf  tobacco  during 
the  decade  1850  to  1860  was  coincident  with  a  rapid  development  in 
the  use  of  cigars  in  this  coimtry.  This  development  was  likewise 
reflected  in  our  imports  of  cigars  and  cigar  leaf  for  the  same  period. 
The  number  of  cigars  imported  in  1850  was  124,303,000,  valued  at 
$1,469,097,  which  was  increased  in  1860  to  460,404,000,  valued  at 
$4,581,551.  Imports  of  unmanufactured  tobacco  (practically  nil 
cigar  leaf)  likewise  increased  from  2,480,446  pounds  (valued  at 
$272,438)  in  1850,  to  6,940,671  pounds  (valued  at  $1,365,695)  in  1860. 
The  larger  part  of  the  leaf  imported  was  from  Cuba  and  the  cigars 
were  principally  from  Cuba  and  Germany-  The  high-grade  cigars 
came  from  Cuba  and  the  lower  grade,  representing  the  bulk  of  the 
imports,  came  mostly  from  Germany.* 

euMUAKr  (kevolution  to  thb  civn.  wah  pbhiod). 

In  this  brief  account  of  the  development  of  the  tobacco  industry  in 
the  United  States  from  the  period  of  our  Revolution  to  that  of  the 
Civil  War,  the  important  influence  of  national  independence  with 
consequent  economic  freedom  from  the  British  colonial  and  navigation 
policy  has  Iwen  noted.  Dependence  upon  tobacco  ns  practically  the 
sole  medium  of  exchange  against  manufactured  necessities  became 
less  uigcnt  because  many  of  the  peoj)le  could  turn  their  attention  to 
the  pursuits  of  manufacturing,  including  the  manufacture  of  tobacco 
itself,  I)oth  for  home  use  and  for  a  slowly  expanding  export  trade. 


I  Dodge's  Tenth  C«ii3U3  report,  p. « 
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The  long  s«ries  of  wars  invoh'ing  all  Europe,  including  our  own  War 
of  1812,  greatly  retarded  international  trade  in  tobacco  as  well  as  in 
other  commodities  and,  together  with  the  generally  high  revenue 
tariffB  levied  on  tobacco  in  the  period  succeeding  these  wars,  which 
had  exhausted  all  the  leading  nations  financially,  still  further  retarded 
the  development  of  our  exports  of  tobacco  and  encouraged  the  home 
production  of  leaf  on  the  part  of  many  of  the  leading  nations  of  con- 
tinental Europe.  It  was  not  until  about  1845  that  our  exports  of 
tobacco  b^an  to  expand  much  above  the  volume  reached  in  the 
years  just  preceding  the  Revolution. 

The  rapid  settlement  of  Kentucky  and  border  areas  in  Ohio, 
Indiana,  Missouri,  and  Tennessee,  largely  by  pioneers  from  Vii^nia, 
Mar>-Iand,  and  North  Carohna,  rapidly  extended  the  production  of 
tobacco  into  this  new  territory  so  that  at  the  breaking  out  of  the  Civil 
War  the  annual  production  of  tobacco  in  this  new  territory  across  the 
Alleghcnies  was  nearly  equal  to  that  in  the  older  area,  with  Kentucky 
second  only  to  Virginia  in  production,  and  Tennessee  ranking  third,  her 
production  being  slightly  ahead  of  either  Marj'land  or  North  Carolina. 

The  manufacture  and  use  of  cigars  and  the  home  production  of  cigar 
tobacco  were  having  their  early  struggles  for  development  in  the 
second  quarter  of  the  nineteenth  century,  ending  in  a  period  of  very 
rapid  development  from  1 850  to  1860.  This  development  was  arrom- 
panied  by  a  rapid  rise  in  the  importation  of  cigars  and  cigar  leaf,  so 
that  by  1860  the  cigar-tobacco  trade  and  the  jiroduction  of  cigar  leaf 
had  become  really  an  important  feature  in  the  tobacco  industry. 

DBVBLOPUENT  DUBINO  THE  PERIOD  SINCE  THE  CIVIL  WAR. 

INFLUENCE   OK   THE    WAR. 

As  in  the  case  of  the  Revolutionary  War,  the  Civil  War  and  the 
developments  growing  out  of  it  exercised  most  important  influences 
on  the  tobacco  industry  in  all  its  phases.  Virginia  itself,  which  up 
to  this  time  was  the  most  important  producing  area  and  really 
dominated  the  tobacco  trade,  became  the  actual  battle  field  of  the 
great  struggle  which  completely  absorbed  the  activities  of  her  people. 
The  cultivation,  exportation,  and  manufacture  of  tobacco  within  her 
borders  became  greatly  disorganized  and  its  cultivation  there  was 
almost  completely  abandoned.  The  total  production  of  the  country, 
which  in  1859  was  434,209,461  pounds,  was  in  1863  only  163,353,082 
pounds.  The  value  per  pound,  however,  was  14.8  cents,  a  higher 
figure  than  had  been  recorded  since  1816,  immediately  succeeding  the 
War  of  1812,  and  higher  than  any  yearly  average  figure  which  has 
been  recorded  since  the  Civil  War.  The  exports  of  manufactured 
tobacco  decreased  from  17,737,232  pounds  in  1859  to  4,110,802 
pounds  in  1861. 
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The  shrinkage  in  exports  of  leaf,  however,  was  compaj^tively 
slight  because,  under  the  influence  of  high  prices,  effort  was  made  to 
export  as  much  as  possible.  The  conditions  in  the  western  produc- 
ing territory,  particularly  in  Kentucky  and  Ohio,  were  not  so  com- 
pletely unfavorable  for  the  production  of  tobacco  as  in  Virginia, 
Maryland,  and  North  Carolina,  and  the  production  in  the  West 
remained  fairly  large  during  most  of  the  active  period  of  the  war. 
The  influence  of  the  Civil  War,  indeed,  brought  Kentucky  to  first 
place  as  a  producing  State,  which  place  she  has  continued  easily  to  hold, 

INFLUENCE   OF   THE    NEW    FISCAL    SYSTEM. 


The  financial  necessities  of  our  National  Government  brought 
about  by  the  tremendous  e.xpenses  of  the  war  led  to  many  new 
devices  for  raising  revenue.  The  war-revenue  act  of  1862  placed  an 
internal-revenue  tax  on  all  manufactured  tobacco.  Up  to  this  time 
no  tax  had  been  levied  except  for  two  short  periods  of  trial  in  1794, 
and  again  during  the  period  of  the  War  of  1812.  Since  the  passage 
of  this  law  in  1862  tobacco  has  regularly  been  one  of  the  principal 
sources  of  revenue,  although  the  rate  of  levy  has  passed  through  a 
great  variety  of  changes. 

Prior  to  the  CHvil  War  the  import  duty  on  cigars  and  loaf  tobacco 
was  comparatively  low  ami  was  not  sufficient  materially  to  affect 
imports.  The  revenue  act  of  1862,  liowever,  materially  increased 
these  rates  and  greatly  stimulated  the  home  production  of  cigar-loaf 
tobacco  and  the  home  manufacture  of  cigars.  The  revenue  rates 
were  still  further  increased  later  on,  with  the  effect  of  greatly  reduc- 
ing the  imports  of  bt»th  cigars  and  leaf  tobacco  and  practically  exclud- 
ing all  but  tlie  highest  grades  of  cigars  and  leaf. 

The  import  tax  on  tobacco  has  been  maintained  upon  a  high  basis 
and  the  present  rates  of  35  cents  a  pound  on  filler  and  $1.85  a  pound 
on  wrapper  leaf  are  equivalent  to  about  50  per  cent  ad  valorem  on 
fillers  and  about  175  per  cent  on  wrappers.  It  is  claimed  that  the 
domestic  wrapper-producing  industry  would  be  ruined  with  any 
material  reduction  of  the  rate  on  wrapper  leaf.  Nevertheless,  we 
continue  to  import  wrappers  of  the  finest  grades  to  the  extent  of  about 
6,000,000  pounds  annually. 

Estimating  that  3  pounds  of  these  high^ade  wrappers  are  re- 
quired to  wrap  a  thousand  cigars,  the  duty  amounts  to  a  full 
half  cent  for  each  cigar  covered  with  imported  wrappers.  The 
duty  on  cigars  ($4.50  a  pound  and  25  per  cent  ad  valorem)  is 
much  higher  and  is  equivalent  to  about  6^  cents  for  each  cigar 
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imported.  It  should  be  aaid  in  this  connection,  however,  that  since 
practically  all  of  the  cigara  imported  are  from  Cuba,  where  the  reci- 
procity treaty  reducing  the  statutory  figures  by  20  per  cent  is  in  force, 
the  real  tax  collected  for  the  larger  portion  of  our  imports  amounts 
to  about  5  cents  for  each  cigar. 

The  importation  of  both  cigars  and  cigar-leaf  tobacco  received  a 
sharp  setback  by  the  raising  of  the  import  duties  at  the  time  of  the, 
Civil  War,  Because  of  the  demand  for  the  highest  grade  cigars,  the 
importation  of  cigar  leaf  has  nevertheless  tended  since  then  toward 
a  gradual  increase.  The  ofhcial  figures  show  that  the  average  annual 
importation  of  cigar  leaf  was  about  four  times  larger  in  the  first 
<iecade  of  the  twentieth  century  than  during  the  few  years  prior  to 
the  Civil  War  before  the  tax  was  increased. 

Under  the  influence  of  the  heavy  discriminating  duty  levied  on  the 
manufactured  product  the  number  of  cigars  now  imported  is  still 
much  below  the  figures  set  in  the  last  few  years  preceding  the  war. 
The  cigars  imported  in  1860  numbered  460,404,000,  as  previously 
stated.  These  figures '  were  reduced  to  26,864,000  in  1868,  and  in 
later  years,  during  the  period  from  1903  to  1908,  our  importations  of 
cigarshaveaveragedonlyabout  55,000,000  yearly,  or  about  13  percent 
of  the  high-record  figures  of  1860,  It  is  unquestionably  true,  how- 
ever, that  in  this  country  we  really  smoke  more  Havana  cigars  than 
ever  before,  as  the  importation  of  Havana  tobacco  haa  increased 
sufficiently  to  much  more  than  offset  the  decrease  in  importations  of 
cigars  under  the  influence  of  the  very  large  discriminating  duty  on 
cigaiB  as  compared  with  the  raw  leaf. 

■DEVELOPMENT   OF   CIOAR-LEAF   PKODUCTION. 

Under  the  combined  influences  of  a  high  protective  tarifl  and  the 
rapid  increase  in  popularity  of  cigar  smoidng  the  cidtivation  of  cigar 
tobacco  and  the  manufacture  and  sale  of  cigars  have  increased  enor- 
mously, far  outstripping  the  manufacturing  types  in  rate  of  growth 
in  the  period  since  the  Civil  War.  In  1859  the  domestic  production 
of  cigar  tobacco,  as  we  have  seen,  was  18,643,732  pounds,  and  the  total 
production  of  all  types  of  tobacco  in  the  United  States  was  434,209,461 
pounds.  Thus  the  production  of  cigar  leaf  at  that  time  constituted 
but  sUghtly  over  4  per  cent  of  the  total  production,  while  in  1909  the 
production  of  cigar  tobacco  was  158,772,000  pounds,  and  the  total  for 
the  United  States  949,357,000  pounds.  The  production  of  cigar 
tobacco  in  1909  was  therefore  close  to  151  W^  cent  of  the  total  for  the 
period,  which  is  an  increase  of  more  tlian  750  per  cent  in  actual 
production  and  an  increase  in  relative  standing  of  more  than  300  per 
cent.    The  total  combined  production  of  all  tobacco  has  but  Uttle 
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more  than  doubled  during  the  period.  The  production  of  these 
cigar  types  in  1909  was  distributed  as  shown  in  Table  IV.  The 
official  crop-report  figures  of  the  Bureau  of  Statistics  are  used. 

Table  IV. — Production,  yield  a 


rum 

R«-[lon. 

Production. 

yield  p«r 

1909. 

Pound.. 
M. (155.000 
7.050,600 
30, 73!,  000 

<B,5O0,«in 

'i:S:!!! 

CtnU. 

Florida  and  asarjUB 

Tot»l 

l.W.  772.000 

_ 

—    - 

By  compariiij;  Table  IV  -with  Table  III  (p.  18),  showing  the  pro- 
duction in  1849  and  185fl,  it  will  be  seen  that  this  development  took 
place  entirely  in  connection  villi  the  areas  as  then  established, 
except  in  the  case  of  Wisconsin,  which  did  not  become  of  recognized 
importance  until  in  the  seventies. 

The  develo[»Tiient  of  toba<?co  growing  in  Wisconsin  from  1870  to 
1880  was  exceedingly  rapid.  In  1859  Wisoxinsin  produced  but  87,340 
pounds  of  tobacco;  in  1869,  960,813  pounds;  and  in  1879,  10,608,423 
pounds.  The  maximum  crop  of  tobacco  was  produce,!  in  WiscouMn 
in  1903,  the  figures  for  that  year  being  69,946,200  pounds,  so  that 
the  1909  crop  is  considerably  below  the  best. 

The  Florida  and  Georgia  area  is  a  wrapper-producing  section. 
The  production  is  confined  principally  to  Gadsden  County  and  to 
contiguous  areas  across  the  Stat©  line  in  Decatur  County,  Ga.  The 
tobacco  is  produced  lai^ely  under  expensive  slat  or  cloth  shade  and 
comes  more  directly  into  competition  with  the  imported  Sumatra 
product  than  any  other.  It  is  the  hifrhest-priced  type  of  tobacco 
produced  in  this  country. 

The  New  England  area,  confined  princi])ally  to  the  Connecticut 
and  Housatonic  River  valleys,  is  cliis.sod  as  a  wTapper  and  binder 
S4!ction.  The  tobacco  is  produced  mainly  in  the  open,  ■without 
shade,  under  intensive  methods  of  fertilizing,  cultivntion,  and  han- 
dling. The  highest-gratle  leaf  makes  acceptable  wrappers  for  cigars 
and  the  remainder  is  principally  u.scful  for  binder  purposes.  Since 
1901  a  considerable  acreage  of  shade-grown  tobacco  has  been  pro- 
duced in  Connecticut  each  year.  More  recently  there  has  been  a 
marked  expansion  in  acreage  of  shade-gn)wn  tobacco  in  that  section, 
but  with  what  degree  of  permanence  of  course  remains  to  be  revealed. 


3vGoo^^lc 


DEVELOPMENT  DOBINO  THE  PERIOD  SINCE  THE  CIVIL  WAB.       23 

figure  1  shows  a  typical  field  of  Connecticut  tobacco  of  tlie  Havana 
seed  variety,  which  is  grown  almost  entirely  in  the  portion  of  the 


D  npldi  varlaty,  Havana  seed.    (Fbotograpbad  by  the  Bumu 


Xew  England  area  on  the  west  side  of  the  Connecticut  River.  Figure 
2  shows  a  group  of  curing  barns  in  the  "Broadleaf"  section  of  the 
New  England  district,  which  is  principally  on  the  east  side  of  the 


river  from  Hartford  to  Springfield.    Figure  3  shows  an  exterior 
view  of  a  field  of  tobacco  under  cloth  shade  near  Granby,  Conn. 
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Some  wrappers  are  produced  also  in  the  other  cigar-tobacco  pro- 
ducing areas,  particularly  in  the  Chemung  Valley,  New  York,  tobacco 
district;  the  northern  part  of  Lancaster  County,  Pa.;  and  in  Wayne 
and  Medina  Counties,  Ohio;  but  the  \ew  England  and  Florida 


J,  near  Oraoby.Con 


districts  are  the  only  recognized  typical  wrapper-producing  sections. 
The  other  districts  are  typical  producers  of  other  types  of  leaf,  as 
briefly    described    below.     Figure    4    shows    sweated    sli  a  de-grown 


FiQ.  4.  -Hanii!  ot  Kuniatm-lypL-  shailo-(rro«ii  sisor  wrappifl^,  Florida  ru 


WTappers  of   the  Sumatra  type   as   produced   in  Connecticut  and 
Florida. 

Wisconsin  is  particularly  noted  for  the  fine  ty])e  of  binder  leaf 
wbioli  is  ])roduced.     It  is  recognized  by  tlio  trade  as  typically  a 


3vGoot^lc 


DEVELOPMEKT  DURING  THE  PEHIOD  SINCE  THE  CIVIL  WAR.       25 

binder  State.     Figure  5  shows  a  harvesting  scene  in  the  Wisconsin 
cigar-leaf  district.    The  method  shown  is  similar  in  the  other  northern 


F[0.  S.-  Hsrveslto'  cigar-leaf  tobiic.-o  near  OanesvUle,  Wla.    {PhotujiiTaphfid 


cigai^tobacco  districts.     Figure  6  shows  sweated  Wisconsin  binders 
22.  18,  and  14  inches  long.  ,-,  , 
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Ohio,  in  the  Miami  Valley  district,  is  a  leading  producer  of  filler 
leaf,  principally  of  the  Zimmer  Spanish  type.  Figure  7  shows 
samples  of  sweated  Ohio  fillers  of  the  Zimmer  type  graded  to  diffei^ 
ences  of  I  inch  in  length. 

The  Pennsylvania  and  New  York  areas  are  classed  as  filler  dis- 
tricts, except  the  Chemung  or  Big  Flats  area  in  New  York,  which 
produces  more  particularly  a  binder  and  WTapper  type  of  leaf. 

This  whole  srheme  of  division  into  types  is  only  approximate,  as 
all  of  the  districts  produce  more  or  less  of  nil  three  grades;  that  is, 
binder,  wrapper,  and  filler.  Furthermore,  the  distinctions  between 
these  grades  are  by  no  moans  fixed,  particularly  between  the  wrapper 
and  binder  grades. 

An  attempt  has  been  made  in  recent  years  to  establish  the  pro- 
duction of  cigar  filler  and  wrapper  tobacco  in  certain  other  sections, 


nchralong.    (PhoW- 

principally  in  Texas  and  .Uabama,  but  the  production  is  not  yet 
of  commercial  importance. 

Figure  8  illustnitos  the  tyjie  of  seed  bed  covered  either  \\'ith  cloth 
or  glass,  as  the  conditions  demand,  common  in  the  cigar-tobacco 
districts  of  the  country. 

DEVELOPMENT     OF    THE     CIOAB-MANUFACTURINO     INDUSTRY. 

The  domestic  manufacture  of  cigars  has  had  an  enormous  develop- 
ment since  tlie  Civil  War  period.  The  number  manufactured  in 
18G3  was  li)9,2S8,2S4.  In  1870  this  number  was  increased  to 
1,139,470,774,  and  the  increase  has  gone  on  at  a  rapid  rate  ever 
since  and  is  now  about  7,000,000,000  per  3'ear,  the  oilicial  figures 
for  the  fiscal  year  ending  June  30,  1908,  being  0,847,417,141.  In 
addition,  1,152,525,926  little  cigars  (includmg  all-tobacco  cigarettes), 
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weighing  less  than  3  pounds  per  thousand,  were  also  manufactured 
in  the  same  year. 

In  this  development  of  the  cigai^manufacturing  industry,  which 
began  largely  as  a  home  industry  with  the  grower  working  up  leaf 
of  his  own  production,  the  development  has  been  more  and  more 
toward  making  this  phase  of  the  tobacco  business  also  a  factory- 
made  and,  to  a  certain  extent,  a  machine-made  product.  This 
tendency  has  been  very  decided  in  the  past  20  years,  since  the 
development  of  the  bunch-making  machines  and  suction  tables. 
It  still  remains,  however,  the  one  striking  phase  of  the  tobacco- 
manufacturing  business  where  the  man  of  skill  but  without  much 
capital  and  with  no  expense  for  machinery,  working  perha[)s  alone 
or  with  two  or  three  assistants,  has  much  chance  for  success. 

The  relative  degree  of  concentration  of  these  two  branchos  of 
the  industry  can  well  be  shown  by  stating  that  the  official  figures 


give  the  number  of  cigar  factories  ui^rated  in  1907  as  23,882,  against 
3,526  factories  for  the  manufacture  of  ail  other  forms  of  tobacco 
combined.  Of  these  latter  factories,  ;j,307  were  devoted  exclusively 
to  the  manufacture  of  smoking  tobacco,  although  the  smoking 
tobacco  amounted  to  less  than  50  per  cent  of  the  manufactured 
product,  and  in  580  factories  cigarettes  only  were  manufactured, 
leaving  but  639  factories  engaged  in  the  production  of  all  other 
forms  of  manufactured  tobacco,  including  plug,  twist,  fine  cut,  and 
snuff. 

DISTEIBUnON   OP   THE    CiaAB-MANXIFACTUKINQ    INDUSTRY. 

Pennsylvania  leads  in  the  production  of  cigars,  producing  about 
2,000,000,000  large  cigars  annually  (average  for  1907-1909, 
1,840,000,000)  with  three  very  large  centers  of  production — the 
Lancaster,  the  Philadelphia,  and  the  Pittsbm^b  districts.  Pitts- 
burgh is  noted  particularly  for  its  production  of  the  class  of  low- 
grade  cigars  known  as  stt^es. 
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New  York  ranks  next  in  importance  and  produces  annually  about 
1,300,000,000  large  cigars  (average  for  1907-190fl,  1,255,000.000) 
so  that  these  two  States  together  produce  almost  50  per  cent  of  the 
total  output  of  the  country.  Greater  New  York  is  the  largest  single 
producing  center  for  the  manufacture  of  cigars,  producing  nearly 
1,000,000.000  large  cigars  yearly. 

Kichmond,  Va.,  is  particularly  noted  for  the  production  of  the 
class  of  low-grade  cigar?!  known  as  cheroots,  and  this  district  is 
credited  with  a  pro<luotion  of  about  2.50.000,000  large  cigars  yearly. 

The  all-Havana  cigars  manufacture<l  in  this  country  are  largely 
produced  in  Tampa  and  Key  West,  Fla,,  where  climalic  conditions 
for  the  proper  mellowing,  aging,  and  handling  of  the  imported  leaf 
are  believed  to  be  more  nearly  like  those  existing  in  Havana,  Cuba, 
than  elsewhere  in  this  country. 

The  production  of  small  cigars  (weigliing  less  than  3  pounds  per 
thousand)  is  centered  at  Baltimore,  Md.,  and  at  Danville  and  Kich- 
mond, Va,  Together  these  three  districts  manufacture  about  75 
per  cent  of  all  the  little  cigars  and  all-tobacco  cigarettes  produced  in 
the  country.  Nearly  all  of  the  remaining  production  is  concentrated 
in  New  York  City  and  Fliiladelpliia. 

DEVELOPMENT     OF     THE     EXPORT     AND     MANUFACTURING     TrPEH     OF 
TOBACCO. 

In  the  early  days  the  cultivation  of  tobacco  in  Virginia  was  largely 
confined  to  the  tidewater  section,  particularly  the  rich  river  lands 
of  the  James,  tlie  York,  the  Rappahannock,  and  the  Potomac  Rivers. 
As  settlements  were  pushed  farther  inland,  however,  tobacco  culture 
was  carrie<l  along  simultaneously. 

In  the  earliest  attempts  at  growing  tobacco  in  Virginia  it  i,s  fair  to 
suppose  that  not  much  differentiation  of  type  was  recognized  but 
the  development  of  tlie  industry  had  not  progressed  far  until  at  least 
two  general  types  were  recognized,  one  the  so-called  sweet  scented 
and  the  other  known  as  Orinoco.  This  distinction  is  now  lost  so  far 
as  differentiating  Orinoco  from  any  other  general  type  of  superior 
sweetness  is  concerned. 

With  greater  refinements  in  taste,  which  of  course  were  reflected  in 
improvements  in  manufa(;turing  processes,  better  defined  ideas  of 
quality  in  tobacco  were  developed.  In  the  Virginia  area  particularly 
it  was  observed  that  the  tobacco  produced  on  the  clay  hill  lands  was 
of  better  body,  finer  texture,  and  of  superior  richness  and  luster,  and 
it  came  to  be  much  preferred  to  the  coarser  and  rough  tobaccos  of 
the  river  bottom  land. 

The  ordinary  sandy  coa-stal-plain  soil  produced  a  mild,  sweel 
tobacco,  but  the  yield  was  much  too  small. 
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The  main  (lifferentiation  of  type  of  tobacco  in  the  early  days  was 
probably  as  it  is  to-day,  namely,  between  the  dark,  heavy,  strong 
types  and  the  lighter  and  milder  types;  and  tliis  of  course  was  suc- 
ceeded by  a  great  number  of  subsidiary  refinements  of  quality  within 
the  two  broad  classes. 

Even  before  the  outbreak  of  the  Civil  War  the  cultivation  of  to- 
bacco in  Virginia  was  almost  completely  abandoned  in  the  tide-water 
section  and  was  confined  mainly  to  the  middle  and  piedmont  section 
of  the  State  between  the  Blue  Ridge  and  the  coastal  plain.  The 
great  bulk,  fully  90  per  cent,  of  Virginia  tobacco  is  now  produced 
south  of  the  James  River,  but  more  or  less  tobacco  is  grown,  mostly 
of  the  "Sun-Cured"  type,  as  far  north  as  Fredericksburg  and  Cha> 
lottesville. 

DEVELOPMENT   OP   DIFFERENT   METHODS    OF   CURING    TOBACCO. 

From  the  earhest  colonial  history  we  learn  that  the  Indians  were 
in  the  habit  of  curing  leaves  of  tobacco  in  the  sun  or  by  hanging  them 
in  the  hut  or  wigwam  where  tlie  heat  and  smoke  of  the  open  fire 
assisted  in  the  cure.  The  colonists  themselves,  however,  soon  began 
the  erection  of  special  log  houses  for  curing  the  tobacco,  which  were 
left  more  or  less  open  between  the  logs  so  that  the  air  could  pass 
through  without  exposing  the  tobacco  too  much  to  the  weather. 
Figure  9  shows  one  of  these  older  types  of  log  bams.  Unfortu- 
nately they  are  still  to  he  seen  here  and  there  in  some  sections. 

The  origin  of  the  use  of  fire  in  the  curing  process  found  its  principal 
reason  in  the  early  days  in  the  necessity  for  protecting  the  tobacco 
against  damage  by  pole  sweating  or  house  burning  as  it  is  more 
generally  called.  Jt  was  also  soon  learned  that  the  tobacco  cured  by 
open  fires  kept  much  better,  especially  if  it  was  to  stand  a  long  ocean 
trip."  It  was  true  also  tliat  the  desirable  qualities  of  the  light,  mild 
tobaccos  would  be  obscured  and  negatived  by  hea^'y  firing  with 
smoky  fires,  which  would  not  be  the  case  with  the  heavy  types,  whose 
rankness  would  be  modified  and  quality  improved  by  the  heat  used 
and  the  creosotic  flavor  imparted. 

In  the  early  days  the  British  colonial  policy  demanded  that  the 
product  of  her  colonies  ho  shipped  only  to  England.  The  j)rodu('t  of 
Vii^inia,  therefore,  consisting  mostly  of  ojH^n-fire  and  smoke-cured 
tobacco,  went  directly  to  England  and  was  there  used  for  home  con- 
sumption and  distributed  by  her  merchants  to  continental  countries. 
The  habit  of  using  this  heavy  fire-cured  tobacco  of  smoky  flavor, 
therefore,  became  firmly  fixed  in  a  number  of  the  nations  of  Europe 
which  used  American  tobacco.  Habit  is  everything  in  the  use  of 
tobacco  and  the  tobacco  user  desires  what  he  has  been  in  the  habit  of 
having.     The  reasons  for  continuing  the  practice  of  fire  curing  the 
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dark,  beavj--bodied  tobaccos  which  we  produce  for  export  purposes 
are,  therefore,  nearly  as  strong  to-day  bs  ever. 

Owing  to  the  light  nature  of  its  soil,  southern  Maryland  has  always 
produced  a  light-colored  and  light-bodied  tobacco  possessing  Httle 
gum  or  oil,  which  keeps  well  if  properly  conditioned  when  only  air- 
cured.  Fire  is  not  necessary  in  the  curing  except  in  damp,  muggy 
weather.  Fire  curing  has  never  been  the  factor  in  curing  Maryland 
tobacco  that  it  was  and  is  with  the  heavier  bodied  Vir^nia  tobaccos, 
so  that  to-day  fire  curing  in  southern  Maryland  is  almost  never  prac- 
ticed and  Maryland  tobacco  is  essentially  an  air-cured  product.     It 


u  Virginia,  Kentucky, 

is  interesting  to  note  in  this  connection  that  Maryland,  having  been 
granted  a  ])alatinate  form  of  government,  was  not  subject  to  the 
British  colonial  laws  and  could,  therefore,  find  a  market  where  she 
]>leascd.  Much  of  her  tobacco,  therefore,  went  directly  to  the  Euro- 
pean markets,  particularly  France  and  Holland,  and  so  strong  is 
habit  in  influencing  the  use  of  tobacco  that  these  two  nations  have 
continued  to  take  annually  the  bulk  of  the  tobacco  Maryland  produc«3. 
Much  of  the  soil  in  the  southern  tier  of  counties  in  Virginia,  par- 
ticularly in  Mecklenburg,  Halifax,  Pittsylvania,  and  Henry  Counties 
and  immediately  across  the  North  Carolina  line  in  Granville,  Person, 
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and  CasweU  Counties,  is  of  a  thin,  light,  sandy  character  upon  a  yellow, 
sandy,  clay  subsoil.  The  tobacco  produced  on  these  soils  was  mild 
and  fine,  of  good  body,  tending  to  cure  naturally  to  a  mottled  orange 
or  yellowish-red  to  brown  color. 

This  type  of  tobacco  was  found  to  b«  particularly  pleasing  to  the 
domestic  taste  for  chewing  and  smoking  purposes  and,  as  the  home 
trade  has  never  cared  for  tlie  smoky  flavor  on  tobacco,  it  became  the 
custom  to  cure  this  type  largely  by  air,  open  fires  being  resorted  to 
only  when  necessary.  In  order  to  keep  down  the  flavor  of  smoke, 
growers  after  a  time  learned  to  (ise  charcoal  instead  of  wood  when  heat 
was  necessary  in  curing  this  type.  By  pro(>er  management  of  these 
fires  in  close  bams,  with  arrangements  for  ventilation  in  the  proper 
manner  and  at  the  proper  time,  it  was  discovered  that  the  fires  could 
be  used  to  great  advantage  in  making  the  colors  still  brighter  and  of 
greater  uniformity,  developing  at  the  same  time -an  agreeable  and 
characteristic  aweet  scimt  and  flavor. 

In  this  coal  sj-stem  of  curing,  the  bams  were  tightly  daubed  between 
the  logs  and  smaU  fires  were  built  in  depressions  in  the  earth  floor  of 
the  bam  about  4  feet  apart  each  way.  The  labor  involved  in 
making  the  charcoal  was  very  great  and  the  task  of  walking  around 
in  the  hot  bam  at  frequent  intervals  day  and  night  for  several  days 
to  attend  the  fires  was  a  very  disagreeable  one. 

The  most  imjiortant  step  forwanl  in  develoj»ing  the  method  of 
curing  this  type  of  tobacco  was  in  the  use  of  flues,  at  first  built  of  rock 
or  brick  and  finally  of  sheet  ii"on.  With  this  arrangement  the  mouth 
of  the  furnace  was  on  the  outside,  any  kind  of  wood  that  woiJd  bum 
satisfactorily  could  be  used,  the  heat  woidd  pass  thi"ough  tlie  flues, 
thus  maintaining  a  much  more  uniform  and  satisfactory  temperature, 
and  the  smoke  finally  pass  out  of  the  smoke  pij)es  without  imparting 
a  smoky  flavor  to  the  leaf  or  iliscoloring  it  in  any  way.  The  use 
of  sheet-iron  flues  with  brick  or  stone  furnace  openings  has  now 
become  the  universal  practice  throughout  all  the  bright  flue-cured 
belt. 

The  methods  of  managingthe  cure  with  these  flues  have  been  reduced 
to  a  high  art  and  the  flue-cured  type  of  tobacco  has  become  one  of  the 
most  useful  Aid  satisfactory  tobaccos  for  both  domestic  use  and 
export. 

Thus  we  have,  as  finally  developed,  three  distinct  methods  of  cuiing 
tobacco:  (1)  The  method  of  curing  by  air,  that  is,  simply  hanging  the 
tobacco  up  in  haras,  with  natural  ventilation  subject  to  more  or  less 
artificial  control;  (2)  the  open-fire  and  smoke  method;  and  (3)  the 
flue-cure  method. 

Since  the  war  period  little,  if  any,  new  territory  has  been  added 
to  the  open-fire  cured  types  and  the  production  has  a  tendency  to 
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decrease  tather  than  to  increase.     On  the  other  hand,  the  air  and  flue- 
cured  tyi>es  have  enortnouBly  increased  in  acreage  and  production. 

At  the  present  time  the  average  annual  production  of  the  air-cured 
types  of  tobacco  is  about  as  follows: 

Cigar  Kibaccr. 160, 000, 000 

Builey 215,000,000 

Green  River 35, 000, 000 

One-Sucker  type 30, 000, 000 

Virginia  eun  and  air  cured 10, 000, 000 

Maryland 20,000,000 

Total 470,000,000 

These  air-cured  t>'pes  thus  constitute  more  than  50  per  cent  of  the 
total  production  of  the  country  and,  with  the  excejition  of  the  Mari'- 
land  type,  aie  used  principally  in  domestic  manufacture  for  domestic 
consumption.  The  most  important  of  these  air-cured  types,  particu- 
larly the  cigar  tobaccos  and  Burley,  have  received  their  greatest  devel- 
opment since  the  Civil  War. 

The  annual  production  of  the  dark  types  of  tobacco  cured  by  open 
fires  is  substantially  as  follows  for  the  types  of  much  importance: 

Fooiids. 

Virginia  dark 62, 000, 000 

Hopkinsville  and  Clarksville 70, 000, 000 

Paducah 60,000,000 

Hendernon  ur  Stemming 35, 000, 000 

Ea,itprn  Ohio  pxport 3, 000, 000 

Total 220,000,000 

The  enstorn  Ohio  export  type,  while  it  is  an  open-fired  tobacco,  can 
not  projierly  be  classed  as  a  dark,  heavy-bodied  tvpe,  and  it  is  really 
a  type  quite  distinct  from  the  other  fire-cured  types  which  are  all  dark, 
rich,  licavy  sorts.  Eastern  Ohio  export  tobacco  more  closely  resem- 
bles the  Maryland  tyjie,  moves  to  market  through  the  same  trade 
channels,  and  is  described  more  at  length  in  connection  with  this  type 
of  tobacco. 

All  of  these  fire-cured  types  had  reached  approximately  their  pres- 
ent state  of  development  and  annual  production  prior  to  the  Civil 
War  period. 

The  aiirmal  i>roduction  of  the  flue-cured  type  of  tobacco  averages 
about  as  follows: 

Ponnds. 

Old  Belt  (Virginia  and  North  CaTQlina) 125,000,000 

New  Belt  (eastern  North  Carolina  and  South  Carolina) 95, 000, 000 

Total 220,000.000 

While  this  ty]ye  had  its  beginnings  several  years  before  the  Civil 
War  period,  it  is  nevertheless  in  its  present  development  essentiaUy 
a  new  t}'pe  and  indeed  its  great  development  on  its  present  basis  has 
taken  place  mostly  since  1890,  especiaUy  in  the  New  Belt  sectiofi- 
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THB  DARE-FIBSD  TYPE  OF  TOBACCO. 

The  dark-fired  tjrpe  of  tobacco  was  produced  extensively  for  export 
purposes  in  Virginia  in  the  early  days.  It  has  continued  to  the 
present  time  to  be  the  type  chiefly  grown  for  this  purpose  and, 
indeed,  by  far  the  larger  portion  of  this  type  now  produced  ia  exported 
and,  conversely  speaking,  it  forms  the  major  portion  of  our  tobacco 
exports.  The  soils  upon  which  these  dark-fired  types  of  tobacco 
are  produced  vary  considerably  in  character,  but  they  are  all  of  a 
class  generally  spoken  of  as  strong,  durable  soils  rather  than  light 
and  leachy,  running  more  to  clay  than  to  sand.  In  every  case  they 
are  underlain  by  the  strong,  rich,  clay  subsoils,  generally  red  in  color, 
which  are  so  common  over  the  uplands  of  middle  Vii^nia  and  west- 
em  Kentucl^.  In  harvesting,  the  entire  plant  ia  cut  ^ter  splitting 
the  stalk  downward  to  within  a  few  inches  of  the  point  of  cutting  oft. 
The  stalk  ia  then  inverted  and  straddled  over  the  stick  to  hang  for 
curing,  rather  than  being  speared  on  as  is  the  practice  with  some 
other  types,  notably  the  cigar  types  and  the  Maryland  type 

DOMESTIC    DEMANDS. 

No  extensive  domestic  taste  has  been  developed  for  this  strong, 
smoky-flavored  type  of  tobacco.  As  a  whole,  the  production  or 
demand  for  this  type  has  not  developed  much  in  recent  years,  and 
the  maximum  production  was  reached  approximately  in  the  fifties 
and  seventies  of  the  last  century.  In  several  of  the  European  coun- 
tries and  in  Great  Britain,  however,  the  taste  for  this  class  of  tobacco 
is  well  established  and  the  yearly  demand  in  this  country  for  export 
purposes  is  substantial  and  fairly  steady. 

A  considerable  quantity  of  the  a^regate  annually  finds  its  way 
into  domestic  consumption,  principally  in  the  form  of  snuff.  Some 
wrappers  for  domestic  plug  arc  also  obtained  from  this  type  and  a 
small  amount  of  low-grade  so-called  Greenville  pUig,  manufactured 
for  domestic  use,  is  made  partly  or  entirely  from  this  type.  Origi- 
nally this  type  of  plug  was  manufactured  almost  exclusively  in 
Greenville,  Muhlenbe^  Co.,  Ky.,  from  which  town  it  took  its  name. 
The  tobacco  of  that  section  was  less  heavily  fired  than  in  some 
others,  and  three  or  four  factories  (lai^e  for  the  old  days)  were 
devoted  to  this  industry.  These  factories  are  now  mostly  dismantled, 
and  what  little  Greenville  is  still  put  up  b  mostly  manufactured 


Definite  figures  are  not  available,  but  for  all  purposes  it  is  probable 
that  some  30,000,000  to  35,000,000  pounds  of  this  dark-fired  type 
of  tobacco  finds  its  way  into  domestic  consumption  yearly. 

Snuff  is  by  far  the  most  important  item  in  this  domestic  consump- 
tion, and  extensive  leaf-handUng  plants  are  centralized  for  the 
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Kentucky-Tennessee  district  at  Clarksville,  Tenn.,  and  in  ike  "Vtrpsaa 
dark  district  at  Lynchbui^,  Va.  The  predominating  requiremente  for 
snuff  are  met  by  the  strong,  fat,  rich  grades,  but,  since  other  require- 
ments are  not  exacting,  the  class  of  leaf  used  ia  classed  only  as  com- 
mon to  medium. 

The  leaf  of  this  type  of  tobacco  used  as  wrappers  for  plug,  both  for 
domestic  use  and  export,  is  the  highest  grade  produced.  The  require- 
ments for  size,  body,  fineness,  color,  etc.,  are  so  exacting  that  the 
proportion  to  be  found  in  any  crop  is  small.  The  wrappers  are 
picked  up  here  and  there,  usually  in  small  lots  ayeraging  less  than  1 00 
pounds.  Because  of  favorable  soil  conditions  theee  wrappers  are 
obtained  mostly  in  the  region  subsidiary  to  Lynchburg  in  the  Virginia 
dark  district  as  a  market  center  and  in  the  Clarksville  district  in 
Tennessee.  These  dark  wrappers  are  bought  at  farm  prices  ranging 
from  S12  to  125  for  100  pounds,  but  the  quantity  is  so  small  that  it 
raises  but  slightly  the  general  average  price  for  the  type  as  a  whole, 
which  in  the  past  10  years  has  averaged  from  about  J5  to  $9  per  100 
pounds,  although  individual  cropssometimessellat  double  the  general 
average  or  more.  An  uncertain  and  at  most  a  very  small  proportion 
of  this  dark-fired  type  is  also  used  in  the  manufacture  of  cheap  domestic 
cigars,  some  of  them  of  the  Italian  type  for  the  large  Italian  population 
in  and  about  New  York  City.  Grenerally  speaking,  however,  this  du-k- 
fired  type  of  leaf  is  too  strong  and  rank  to  be  used  in  the  manufacture 
of  cigars  for  domestic  use.  Its  use  in  this  way  is  really  an  anomaly 
in  the  shape  of  an  exception  to  prove  the  rule  of  its  unfitness  for  the 
purpose. 

FOBEiaN    DEUANDS. 

This  dark-fired  tobacco  is  the  jirincipal  export  type.  Of  the  total 
annual  production,  which  aggregates  about  220,000,000  pounds, 
some  185,000,000  or  190,000,000  pounds  are  exported.  This  type 
thus  constitutes  more  than  50  per  cent  of  our  total  leaf  exports, 
amounting  to  more  than  300,000,000  pounds  annually. 

Great  Britain,  Italy,  Germany,  France,  Spain,  Austria,  and  Bel- 
gium, in  about  the  order  named  from  the  standpoint  of  quantity 
taken,  are  the  principal  foreign  purchasers  and  consumers  of  this 
type  of  leaf.  Among  these  countries,  Italy,  France,  Spain,  and 
Austria  are  known  to  the  tobacco  trade  as  rfigie  purchasers;  that  is, 
the  tobacco  industry  in  these  countries  is  a  Government  monopoly 
and  the  tobacco  is,  therefore,  purchased  by  Bgents  for  the  account  of 
the  Government.  Italy,  France,  and  Austria  conduct  the  monopoly 
directly  under  Government  auspices,  hut  in  the  case  of  Spain  the 
monopoly  privilege  is  let  out  under  certain  restrictions  for  a  period 
of  years  to  a  private  concern  known  as  the  Compania  Arrendataria 
de  Tobaccos.    The  purchases  of  Austria  and  Italy  in  this  country 
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are  practically  all  of  this  dark-fired  type,  and  the  total  purchases  of 
this  type  by  these  countries  is  thus  accurately  known. 

Next  to  the  plug  wrappers  mentioned  above,  Austria  and  Italy 
take  the  highest  grade  leaf  of  this  type.  Their  requirements  are  for 
a  leaf  of  good  size,  smooth,  with  plenty  of  life  and  elasticity,  fine,  and 
with  sohd,  uniform  color.  This  tobacco  is  used  in  the  manufacture 
of  cigars.  The  finest  leaves  are  used  for  wrappers  and  other  grades 
for  filler  purposes.  Austria  demands  a  hghter  brown  color  than  Italy, 
and  generally  pays  a  somewhat  higher  price.  The  lai^r  percentage 
of  the  Austrian  leaf  is  obtained  in  the  Virginia  dark  districts  while 
most  of  the  Italian  leaf  is  obtained  from  the  darksville,  Hopkins- 
ville,  and  Paducah  districts  of  Kentucky  and  Tennessee. 

Austria-Hungary  takes  on  the  average,  according  to  their  own 
trade  reports  (nearly  all  goes  to  the  Austrian  Rfig^e),  about  6,000,000 
or  7,000,000  pounds  of  leaf  tobacco  annually  from  the  United  States, 
all  of  the  better  grades  of  this  dark-fired  type. 

Italy  generally  takes  from  30,000,000  to  40,000,000  pounds  an- 
nually, practically  all  of  which  is  also  of  the  good  to  best  grades  of 
the  dark-fired  type. 

Germany  and  the  German  ports,  principally  Bremen,  are  also 
important  outlets  for  lai^e  quantities  of  the  medium  to  good  grades 
of  dark-fired  leaf,  constituting  the  larger  portion  of  the  30,000,000  to 
40,000,000  pounds  of  imports  of  leaf  tobacco  from  the  United  States. 
The  German  grades  are  obtained  particularly  from  the  Clarksville 
district  in  Kentucky  and  Tennessee,  and  also  in  the  Lynchburg  sec- 
tion of  the  Virginia  dark  district. 

The  United  Kingdom  is  the  heaviest  single  purchaser  of  the  dark- 
fired  type  of  tobacco.  The  total  purchases  of  all  types  amount 
annually  to  100,000,000  pounds  or  more,  of  which  about  50  per  cent 
is  of  the  dark-fired  type.  The  great  source  of  supply  of  British  dark 
leaf,  however,  is  in  the  Henderson  or  Stemming  district  of  western 
Kentucky,  although  buyers  for  the  EngUsh  trade  are  active  pur- 
chasers also  in  all  the  other  dark-fired  districts  in  Kentucky,  Ten- 
nessee, and  Vii^^nia.  Great  Britain  takes  a  number  of  grades  of 
dark  tobacco,  including  the  low,  medium,  and  high  grades. 

The  British  import  duty  is  very  high,  88  cents  a  pound  in  1910, 
and  in  order  to  offset  this  as  much  as  possible,  it  has  been  the  custom 
to  stem  the  tobacco  in  this  country  before  shipment,  so  as  to  reduce 
the  weight  of  the  tobacco  paying  the  high  duty.  The  Stemming  dis- 
trict received  its  name  because  so  large  a  percentage  of  tobacco  pro- 
duced there  was  stemmed  preparatory  to  shipment  to  Great  Britain. 
A  differential  duty  on  strips  has  in  recent  years  materially  reduced 
the  percentage  of  tobacco  that  is  stenmied  before  shipment  to  Great 
Britain. 
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France  generally  purchases  about  30,000,000  pounds  of  tobacco  in 
this  country  yearly,  subject  to  quite  wide  fluctuations  in  particular 
years,  much  of  which  is  of  the  dark-fired  types  and  consists  prin- 
cipally of  the  lighter-bodied  tobacco  of  medium  to  low  grade.  Much 
the  larger  percentage  of  the  dark-fired  tobacco  taken  by  France  is 
from  the  Paducah  district  of  Kentucky  and  Temiessee. 

The  Spanish  buyers  take  low^ade  tobacco  wherever  it  can  be 
obtained  cheapest.     Their  purchases  in  this  country  fluctuate  con- 


siderably, according  to  the  price  of  tobacco.  The  quantity  of  Amer- 
ican tobacco  purchased  by  Spain  generally  ranges  from  10,000,000  to 
20,000,000  pounds  annually,  most  of  which  is  usually  of  the  lowest 
nondescript  grades  of  dark-fired  leaf. 

The  Belgium  trade  is  also  estimated  to  take  2,000,000  or  3,000,000 
pounds  annually  of  this  dark-fired  type  of  leaf  of  a  grade  and  quality 
about  like  that  taken  by  France. 

Several  million  pounds  of  rather  coarse  but  very  long,  dark  tobacco 
is  tied  in  the  customary  small  bundles  and  prepared  by  special  treat- 
ment for  export  to  Africa  to  be  sold  in  the  leaf  at  retail  to  the  natives. 

'"  Dig,l,z.cbyG0O^^IC 


THE  DaEK-FIBED  type  OF  TOBACCO. 


37 


Leaf  of  a  like  nature,  often  spoken  of  as  black  fat  or  black  horse,  is 
similarly  prepared  for  export  to  parts  of  the  West  Indies,  Mexico, 
and  a  number  of  Spanish-American  countries  of  Central  and  South 
America.  Aportion  of  thistypeof  leaf  a^regat- 
ingprobablysome  5,000,000  pounds  or  more  isob- 
tainedfrom  different  parts  of  the  dark-fired  districts 
of  the  country  where  leaf  of  suitable  length  and 
reasonable  price  may  be  obtained,  although  the 
presence  of  smoke  on  the  leaf  is  not  an  essential 
requisite.  Much  of  this  "rehandling"  type,  asit 
is  generally  called,  is  obtained  also  from  the  One- 
Sucker  districts  of  Kentucky  and  Tennessee  and 
southern  Intliana. 

Figures  10  and  1 1  show  samples  of  some  of  these 
various  standard  types,  produced  in  the  dark-firetl 
districts  of  the  country. 

REVIEW  OF  THE  DARK-FIRED  TYPE    BY   DISTRICTS. 


Dark   District. 

The  annual  production  of  dark-fired  tobacco 
in  Virginia  is  about  52,000,000  pounds,  or  about 
25  per  cent  of  the  total  production  of  this  type. 
The  Vii^nia  State  Department  of  Agriculture  now 
collects  accurate  figures  of  the  firat-hand  sales  of 
tobacco  in  Virginia  by  markets,  but  nothing  is  avail- 
able of  an  accurate  statistical  nature  to  show  the 
distribution  of  the  acreage  of  the  different  types 

of  tobacco  produced  in  the  State.     Dark-fired  to-  

bacco,  however,  constitutes  not  quite  one-half  of     mau  ot  soiis.j 
the  total  annual  production  of  the  State,  distributed  by  counties,  ac- 
cording to  the  best  estimates  obtainable,  about  as  shown  in  Table  V 
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Of  the  23  counties  in  Virgima  that  produce  commercial  quantities 
of  dark-fired  tobacco,  only  about  15  produce  each  a3  much  as  1 ,000,000 
pounds  a  year. 

The  regular  Virginia  dark-fired  type  of  tobacco,  frequently  desig- 
nated "brown  shipping"  to  differentiate  it  from  the  olive-green  or 
black  stemming  subtype,  ia  marketed  loose  at  auction  at  the  various 
sales  warehouses  scattered  throughout  the  dark-tobacco  section. 

Lynchburg  is  the  largest  of  these  markets  and  alone  handles  about 
one-third  of  the  entire  dark-fired  crop  of  the  State.  Other  important 
dark  markets  are  Farmville,  Petersburg,  Drakes  Branch,  Blackstone, 


Bedford  City,  and  Brookneal.    A  number  of  smaller  markets  are 
locatcil  at  other  points. 

The  proportion  of  fine  grades  ia  generally  considered  to  be  larger 
in  the  Virginia  dark-fired  crop  than  in  the  western  crop  as  produced 
in  Kentucky  and  Tennessee,  and  the  colors  as  a  whole  do  not  run 
quite  so  dark  as  does  the  "western"  tobacco.  As  a  whole,  the 
heaviest  bodied  and  best-textured  dark-fired  tobacco  of  Virginia  is 
produced  on  the  stroi^  soils  of  the  western  portion  of  the  district 
lying  tributary  to  Lynchburg  as  a  market  center.  A  lai^er  percent- 
^e  of  leaf  suitable  for  plug  wrappers  is  obtained  from  this  section 
than  from  any  part  of  the  dark-fired  district.  The  rich  but  fine- 
textured  chocolate  soils  in  the  coves  among  the  hills  scattered  here 
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and  there  along  Stonewall  and  Bent  Creeks,  in  the  northern  part  of 
Appomattox  County,  and  along  Goose  Creek,  in  Bedford  County,  are 
especially  famous  locally  for  the  high  percentage  of  leaf  which  they 
produce  suitable  for  plug  wrappers  and  other  high-grade  purposes. 
Chaiiotte  County,  as  a  whole,  is  noted  for  the  lai^e  proportion  of 
tobacco  it  produces  which  is  particularly  adapted  to  the  requirements 
of  the  Austrian  Rfigie,  for  plug  wrappers,  and  other  high-grade  pur- 
poses. The  Cub  Creek  section  of  this  county  is  particularly  famed 
because  of  the  excellent  quality  of  the  leaf  produced. 


Fta.  13.— Commoii  tf  pe  of  Vlrgiala  log  bam  [or  curing  dark  lobano  with  opiai  fins,    ( Pholograplieil 
b;  Uia  Bureau  ol  Soili.) 

Figure  12  illustrates  the  type  of  seed  bed  common  not  only  in  the 
dark-fired  Virginia  district  but  in  nearly  all  of  the  other  export  and 
manufacturing  tobacco  districts  as  well.  A  clearing  i^  made  uii 
suitable  land  in  the  woods  which  is  to  be  worked  up  after  burning 
brutih  on  the  land  to  destroy  weeds  and  insects  and  mellow  the  soil. 
The  cheesecloth  coyer  protects  the  young  plants  from  cold  and  keeps 
off  flying  insects,  which  are  frequently  very  troublesome  to  unpro- 
tected beds. 

Figure  13  shows  a  characteristic  log  bam,  tightly  chinked  and 
daubed  with  mud,  common  in  Vii^inia  and  elsewhere,  for  curing  dark 
tobacco  by  open  fires  on  the  earthen  fioor. 

2«  Dig,l,z.cbvG0O^^IC 
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A  considerable  proportion  of  the  rich,  fat  leaf  suitable  for  the 
Bremen  trade  and  for  export  to  England  is  also  found  in  the  Lynch- 
burg district.  Dark  Viiginia  leaf  or  strips  from  this  section  are  gen- 
erally spoken  of  by  English  dealers  as  Lynchburgs. 

Good,  rich  leaf  suitable  for  snuff  stock  is  also  obtained  from  the 
Lynchbuig  district  in  considerable  quantities. 

About  5,000,000  pounds  of  plug  for  export  is  manufactured  yearly, 
princ^ally  from  Yiiginia  dark-fired  leaf.  Most  of  this  plug  is  manu- 
factured at  Petersburg,  Va.,  and  much  of  it  is  marketed  in  Australasia. 


sisTsiBunoN  u 


B  VmOINIA  DABK-F1 


Accurate  figures  of  a  statistical  nature  are  not  to  be  obtained  as  to 
the  exact  final  disposition  of  the  dark-fired  tobacco  of  Viiginia  or, 
indeed,  of  any  other  type. 

Table  VI  shows  estimates  based  on  general  information  of  a  private 
nature  obtained  from  members  of  the  tobacco  trade. 

Tablb  VI. — Estimated  diatribuiion  in  use  of  Virginia  dark-fired  tobacco. 


Kind  and  place. 

Pound,. 

Kind  uid  piBM. 

p...... 

1.000.000 

slooolooo 

e! 500! 000 
1,1100,000 

Spain 

1,500.000 

SeleliiDt,  Norway,  and  Sweden 

6,000.  OCX) 

Total 

Along  the  northern  border  of  this  dark-fire<l  section  in  Viigima, 
just  south  of  the  James  and  Rivanna  Rivers,  is  a  stretch  of  country 
in  which  production  is  rather  scattered  and  in  which  a  modified  type 
of  fired  tobacco  is  produced,  known  as  olive-green  or  black  stemming 
tobacco.  The  aggregate  production  of  this  type  of  leaf  is  about 
2,000,000  pounds  yearly,  divided  among  the  counties  about  as  shown 
in  Table  VII. 

r  black  itemming  tobaixo  in 


Cmmlles. 

moool 

200,000 

wo.  000  1 
100.000  : 

CounileEi. 

Pounds. 

2.000.000 

Di„i„«b,Gooylc 
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The  r^ioQ  of  country  in  which  the  olive-green  or  black  stemming 
type  of  tobacco  is  grown  has  been  separately  outlined  on  the  map 
(PI.  I),  as  it  is  really  a  type  quite  distinct,  although  it  has  been  in- 
cluded in  Table  V  of  23  counties,  covering  the  entire  production  of 
.  open-fire  cured  tobacco  in  the  State,  and  in  Tabic  VI,  showing  how 
the  type  is  distributed  in  use. 

Olive-green  tobacco  is  produced  mostly  from  seed  of  the  One- 
Sucker  type,  and  it  is  a  long,  rich,  heavy-bodied  but  rather  coarse 
tobacco.  Although  cured  by  open  fires,  the  method  of  curing  is 
considerably  modified  as  compared  with  other  open-fire  cured  types, 
and  the  tobacco  is  cured  up  at  once  without  yellowing,  if  possible,  to 
a  uniform  ohve  green.  Tight  barns,  high  heat  from  the  outset,  and 
sappy  tobacco  are  the  main  features  in  obtaining  a  good  cure.  So 
high  and  sustained  is  the  beat  that  the  cure  is  completed  usually  in 
36  to  48  hours.  The  difficulty  is  in  getting  the  color  uniform  and 
8oUd,  which  when  successful  varies  in  shade  from  olive  green  to  very 
dark  brown  and  black. 

England  has  been  practically  the  sole  purchaser  of  this  type  of 
tobacco,  and  until  recently  it  was  mostly  stemmed  before  shipment. 
A  strong  odor  of  smoke  is  also  desired  and,  because  of  this,  much  of 
this  type  after  purchase  from  farmers  is  rehung  on  sticks  and  placed 
in  special  barns  and  heavily  smoked  by  open  fires  with  hardwood  for 
a  period  of  a  week  or  more  to  give  a  strong  creosotic  flavor.  A 
considerable  portion  of  this  type  is  bought  and  handled  at  Amelia, 
Va.,  where  it  is  bought  direct  from  the  wagon  at  private  sale. 
Dark-Firbd  Tobaooo  in  Ebntuckt  and  Tbnnbsbbb. 

Originally  introduced  from  Virginia,  the  quantity  of  dark-fired 
tobacco  grown  in  Kentucky  and  Tennessee  now  amounts  to  fully 
three  times  the  Virginia  production,  and  to  distinguish  it  from  "Vir- 
ginia dark"  it  is  generally  spoken  of  as  "western"  tobacco. 

Three  subdivisions  of  this  western  dark-fired  section  are  well 
recognized:  (1)  The  Clarksville  and  Hopkinsville  district,  (2)  the 
Paducah  or  Western  district,  and  (3)  the  Henderson  or  Stemming 
district. 

■TBK  CLABKSTILLB  AND  HOFEIN8VILLB  DISTBItTT. 


In  recent  years  the  production  of  the  Clarksville  and  Hopkinsville 
district  has  averaged  about  70,000,000  pounds  annually,  about 
40,000,000  pounds  being  produced  on  the  Kentucky  side  and 
30,000,000  on  the  Tennessee  side.  This  district  has  the  reputation  of 
producing  a  somewhat  better  grade  of  leaf  on  the  whole  than  either 
of  the  other  western  dark  districts,  which  generaUy  outseUs  the  others 
by  as  much  as  a  cent  or  more  a  pound  for  the  average  of  the  entire 
crop.  The  portion  of  this  district  tributary  to  the  Clarksville,  Tenn., 
market  produces  some  of  the  finer  grades,  suitable  for  plug  wrappers 
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and  the  Austrian  and  Italian  R^e  anil  German  and  Bremen  require- 
menta  particularly.    The  McAdoo  and  Red  River  section  in  the 


Fio.  IS  — Wocming  and  suckdine  lotncco  In  the  CluksvlUe  district,  Uonlgomer;  County,  Tenu. 
(Pboto|npb»d  b;  tin  Bureau  of  Soils.) 

western  portion  of  Montgomery  County  and  in  Robertson  County  is 
particularly  noted  for  the  fine  grades  of  leaf  produced.    Figure  14  is 
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an  illustration  oi  the  characteristic  large,  broad,  and  heavy  leaf  (Pryor) 
type  of  plant  generally  grown  in  the  ClarksviUe  district.     Figure  15 


County,  Tenn.   (Pbotograpbod  by  tha 

shows  a  field  of  this  type  near  ClarksviUe  from  which  the  womis  and 
suckers  are  being  removed,  a  tedious  but  very  necessary  operation; 


Pia.  IT.— WUtlDK  and  yitllowfng  (abacco  on  the  scsflold,  Clarksvilk  illslrlct,  Uoatf^mciy  County, 
Tenn.,  tbowlng  a  common  method  in  nearly  all  dblrkts.  Pteota  that  were  unripa  at  the  time  ol 
cutting  imuUn  standing  in  the  field.    <Photocnpbeil  b;  the  BuibBUoI  Soils.) 

and  figures  16  and  17  present  characteristic  scenes  common  over 
much  of  the  export  and  manufacturing  tobacco  territory.    »^^ot>^;lc 
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Production  is  most  concentrated  in  Montgomery  and  Robertson 
Counties,  in  Tennessee,  and  the  southern  portion  of  Christian,  Todd, 
and  Logan  Counties,  in  Kentucky.  The  Clarkaville  district  extends 
into  six  other  counties  in  Tennessee,  all  bordering  on  Montj^omery  or 
Robertson  Counties.  The  distribution  of  production  of  this  type  in 
Tennessee  is  estimated  with  approximate  accuracy  in  Table  VIII. 

il  production  oj 
<H»lTilmUd  by  « 


Counties. 

Pounds.     1 

rountles. 

Pounds 

SSST. 

z!000;000  1            Total. 

^^^^^ 

' 

In  Kentucky  the  Clarksville  and  Hopkinsville  district  extends  in 
whole  or  in  part  into  eight  counties,  an  estimate  of  the  annual  pro- 
duction of  which  is  shown  in  Table  IX. 


,w,^. 

,■..„..,. 

Pounds. 

!      6,000,000 
1      3,™.™ 

Tcrtsl 

40.000,000 

The  tobacco  produced  in  Muhlenberg,  Cahlwell,  and  Lyon  Counties 
is  of  a  mixed  type,  and  can  not  be  classed  strictly  in  either  the  Hop- 
kinsville, Henderson,  or  Paducah  districts.  It  is  buffer  territory  and 
the  lines  dividing  the  districts,  as  shown  on  the  map,  are  somewhat 
arbitrary,  but  are  the  best  approximations  practicable.  Muhlenberg 
County  is  buffer  territory  between  four  districts,  the  Hopkinsville, 
the  Stemming,  the  Green  River,  and  the  One-Sucker  or  southern 
Kentucky  districts.  Most  of  the  tobacco  grown  in  Muhlenberg  is 
produced  in  the  southern  and  western  portions  of  the  coimty  and 
most  of  it  is  at  least  lightly  smoke-cured  by  open  fires.  That  from 
the  southern  portion  finds  its  way  to  market  mainly  through  tbe 
Hopkinsville  district  and  that  from  the  western  part  mainly  through 
the  Stemming  section.  The  northeastern  part  of  Muhlenberg  is 
largely  given  up  to  coal  mining  and  but  little  tobacco  is  produced  in 
that  section.  Muhlenberg  tobacco  is  designated  by  some  as  the 
Greenville  type,  from  the  name  of  tbe  county  seat,  which  was  formerly 
an  important  center  for  the  manufacture  of  the  so-called  Greenville 
plug.     The  total  production  of  tobacco  in  Mulilenbei^  County   is 
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about  3,000,000  pounds  annually,  of  which  2,000,000  pounds  have 
been  classed  with  the  HopkinsviUe  district  and  1,000,000  pounds 
vith  the  Henderson  or  Stemming  district. 

Likewise  the  product  of  Caldwell  and  Ljon  Counties  is  also  very 
uncertain  as  a  whole  in  respect  to  type  and  classification,  and  to 
indicate  the  individuality,  or  rather  lack  of  it,  in  the  product  of  these 
counties  it  is  sometimes  designated  as  the  Princeton  and  Eddyville 
type  from  the  names  of  the  chief  market  towns  in  these  counties. 

Detached  from  the  general  area  in  Tennessee,  about  Tallahoma 
as  a  center,  in  the  southwestern  portion  of  Coffee  County,  there  is  a 
small  area  which  for  about  10  years  past  has  been  producing  a  few 
hundred  thousand  pounds  of  dark  tobacco  annually,  partly  air  cured 


Fw.  18.— Hanling  lobsc™  from  the  field  I 
pncllced  iD  many  BBctions  aa  well  aa  In 
tograpti  vas  taken. 


and  partly  fire  cured,  which  has  generally  moved  to  market  through 
the  Clarks\'ille  district.  Clarksville  and  Springfield,  Tenn.,  and  Hop- 
kinsviUe, Ky.,  are  the  principal  market  centers  for  this  district. 
Adairville,  Cadiz,  and  Guthrie,  Ky.,  are  other  important  local 
receiving  points. 


The  type  of  tobacco  produced  in  the  Paducah  district  of  the  west- 
ern dark-fired  section  ia  not  greatly  different  from  that  of  the  Clarks- 
ville and  HopkinsviUe  district.  The  product  as  a  whole  is  not  quite 
as  fine  and  rich  as  that  of  the  Clarka^iUe  district. 

Figure  18  shows  a  careless  method  which  is  altogether  too  com- 
monly practiced  in  handling  tobacco  from  the  field  to  the  curing  bam. 

The  annual  production  of  leaf  tobacco  in  the  Paducah  district  is 

about  60,000,000  pounds,  about  45,000,000  pounds  being  produced  in 

2"  n.,„z..b,G00^^lc 


46  BXPOET  AND  MANUFACTtlBING  TOBACCOS. 

Kentucky  and  15,000,000  pounds  in  Tennessee.  Graves  County  in 
Kentucky  and  Weakley  County  in  Tennessee  together  produce 
nearly  one-half  of  the  entire  crop  of  the  Paducah  district.  The  pro- 
duction is  distributed,  by  counties,  in  Tennessee  about  as  foUoira: 

Weakley 9,500,000 

Hemy 5,000,000 

Obion 500,000 

Total  tar  the  Piiducah  district  in  Tenneeeee 16, 000, 000 

Detached  from  the  main  area  of  the  Paducah  district,  a  small 
section  near  Dyersbur^,  in  Dyer  County,  produces  some  200,000  or 
300,000  pounds  of  tobacco  of  the  Paducah  type  annually. 

In  Kentucky  the  production  of  the  Paducah  type  of  tobacco  is 
distributed  about  as  follows: 

Poundi 

Graves 15,000,000 

Calloway 8,000,000 

Ballard 7,000,000 

Marshall 5,000,000 

McCracken 3,500,000 

CarliBle 3,500,000 

Fulton 1,5CO,000 

Bickman 1, 000,  OOO 

Livingston 500,000 

Total  for  the  Paducah  dielrict  in  Kentucky 45, 000, 000 

Paducah  and  Maysville,  Ky,,  are  the  most  important  market  towns 
for  this  district,  Murray  and  Fulton,  Ky.,  and  Martin  and  Paris, 
Tenn.,.  are  also  receiving  centers  of  importance.  The  Pa<lucah  dis- 
trict is  often  spoken  of  as  the  "Western  district,"  the  terms  being 
synonymous. 


DISrniBVTION    IN    DSE   OF  THE   COHBtHBD  CLARKSVtLLB   AND  HOPEINSVILLE   AND   TBB 
PADirCAH   TYPES. 

The  general  character  of  the  tobacco  produced  in  the  Clarksvill© 
and  Hopkinaville  district  and  in  the  Paducah  district  is  substantially 
the  same.  The  strong  red  clay  subsoil  is  much  more  prevalent  in  the 
Clarksville  and  Hopkinsville  district  than  in  the  Paducah  district, 
which  runs  more  to  gray  or  yellow.  Differences  in  soil  naturally 
cause  some  differences  in  the  character  of  the  tobacco  produced  in 
the  two  districts.  That  from  the  Clarksville  and  Hopkinsville  dis- 
trict is  as  a  whole  richer  and  darker  as  well  as  finer  in  texture  than 
that  from  the  Paducah  district. 

The  really  fine  grades,  such  as  plug  wrappers  either  for  domestic 
use  or  for  export  (principally  to  Canada) ,  are  obtained  almost  entirely 
from  the  Clarksville  district,  as  are  also  the  fine  Austrian  and  Swiss 
types  and  the  finer  Italian  grades. 
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But  the  fine  grades  are  produced  in  relatively  very  atnall  volume. 
The  lighter  bodied  mottled  types  suited  for  the  French  and  Belgian 
trade  are  found  more  largely  in  the  Paducah  district,  while  the  fat, 
rich,  German  grades  come  largely  from  the  Clarksville  district,  as  do 
also  the  larger  portions  of  the  better  bodied  snuff  types. 

For  the  general  purposes  of  this  publication  the  two  districts  may 
best  be  considered  as  a  whole  in  discussing  the  final  distribution  of 
their  product.  The  general  methods  of  cultivation,  curing,  handling, 
and  marketing  the  tobacco  produced  in  the  two  districts  are  almost 
identical.  Ilie  combined  Clarksville  and  Hopkinsvilte  and  the 
Paducah  districts  are  often  spoken  of  in  local  parlance  as  the  "black 
patch." 

A  fair  estimate  of  the  average  production  of  the  combined  "black- 
patch  "  district  for  the  past  five  years  is  about  130,000,000  pounds  of 
tobacco  annually,  70,000,000  pounds  in  the  Clarksville  and  Ilopldns- 
ville  dbtrict  and  60,000,000  pounds  in  the  Paducah  district.  In  1910 
the  combined  production  was  about  140,000,000  pounds  and  in  1903, 
with  the  largest  crop  on  record,  it  was  about  150,000,000  pounds.  It 
has,  however,  in  some  years  sunk  considerably  below  these  figures. 
An  approximate  average  distribution  of  this  product  is  estimated  to 
be  about  as  shown  in  Table  X. 


HopkinmilUand 

°d. 

the  lohacto  produced  in 
Paduaxh  district. 

Ihe  ClarbtvilU  and 

Kind  and  place. 

tributloD. 

J 

i' 

a 

p™^. 

m 

}  PRICSa  IN   THK   CLABXaVILI.B  A 


Since  1904  a  considerable  portion  of  the  "black-patch"  production 
has  been  pooled  and  sold  through  the  agency  of  the  Planters'  Pro- 
tective Association.  The  following  schedule  of  prices  fixed  by  the 
association  for  the  sale  of  the  1908  crop  is  of  interest  in  throwing  light 
on  the  comparative  value  of  the  different  grades  into  which  the  tobacco 
of  this  district  is  usually  classed  in  reassorting  after  it  gets  into  the 
hands  of  dealers,  although  the  farmer  usually  finds  it  sufGcicnt  to 
assort  his  individual  crop  into  only  about  three  grades.  In  consider- 
ing these  prices  it  should  be  remembered  that  they  represent  figures 

2"  ruli/=-;yCA")(.)k^lc 
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considerably  above  the  normal  tann  price.     The  grades  establisheii 
and  prices  set  for  the  specified  grades  are  shown  in  Table  XI. 

Table  XI. — SeheduU  of  prieet,  hy  gradet,  get  by  the  PhmUrt'  ProtuUire  Asgodationfor 
Ihe  tale  of  the  pooled  1908  crop,  repregenting  over  60,000  hogtheaiit  of  Sie  CUsrimiiUe  and 
Hopbinamlle  and  the  Paducah  typei  of  leaf. 
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THE  HBNSEBSON  O 


"  8TBHMINQ       DISTRICT. 


The  Henderson  subdivision  of  the  dark-fired  tobacco  district  pro- 
duces a  type  of  leaf  particularly  suited  to  the  British  trade.  In  the 
past  a  large  proportion  of  it  has  been  stemmed  before  shipment, 
which  fact  gave  rise  to  the  name  "Stemming"  as  applied  to  the  dis- 
trict.    It  is  a  rather  coarse  tobacco  of  large  leaf,  which  makes  it  strip 


ve  capacity,  which  gives  an 
in  weight  after  having  passed 
ble  at  the  prescribed  JO  per 


to  advantage,  and  it  has  good  absorptiv 

opportunity  for  a  considerable  ii 

the  British  customs  as  nearly  as  possib 

cent  moisture  basis.     Figure  19  shows  long  and  short  English  strips 

of  the  Henderson  type. 

The  annual  production  of  the  "  Stemming  "  district  is  approximatoly 
35,000,000  pounds,  distributed  about  as  shown  in  Table  XII. 


OmmtlM. 

Pound.. 

Countln. 

Ptrands. 

ConDtlca. 

Poondi. 

10,000,000 

3;a 

S. 000, COO 

ilooo^ooo 

1,000,000 

1,000, OOO 

aB,ooo,ooo 

About  50  per  cent  of  the  product  of  the  district  is  handled  throu^ 
Henderson,  which  is  the  important  market  town  of  the  district. 
Other  important  receiving  points  are  Providence,  Madisonville, 
Princeton,  and  Nebo. 


3vGoo^^lc 
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The  principal  purchasers  of  thb  type  of  tobacco  have  lai^  estab- 
lishments for  stemming  and  redrying  the  leaf  or  Btrips  for  export  at 

Henderson  and  the  other  

important  market  towns 
of  the  district.  The  quan- 
tity of  tobacco  stemmed 
before  shipment  has  re- 
cently been  reduced  to  a 
small  proportion. 

Probably  90  per  cent 
of  the  entire  product  of 
this  district  goes  to 
Great  Britain,  or  about 
30,000,000  pounds  when 
the  normal  crop  of 
35,000,000  pounds  is  pro- 
duced. The  Italian  R^gie 
sometimes  takes  2,000,000 
or  3,000,000  pounds  from 
this  district,  which,  to- 
gether with  a  miscellane- 
ous foreign  demand,  might 
easily  make  up  the  remain- 
ing 5,000,000  pounds  not 
taken  by  Great  Britain. 

The  territory  covered 
by  the  dark-fired  districts 
of  Virginia,  Kentucky,  and 
Tennessee,  including  their  i 
(Pis.  I  and  II,  in  pocket). 

THE  UARTIjANB  OK  BALTIUOBB  TTPES  OF  TOBACCO. 

As  already  stated,  the  beginning  of  the  production  of  tobacco  in 
Maryland  was  almost  coeval  with  the  beginnings  of  its  production  in 
Virginia,  and  it  is  thus  one  of  the  oldest  types  produced  in  this 
country.  In  the  early  days  practically  all  the  tobacco  produced 
was  exported.  Maryland,  having  a  palatinate  form  of  government 
and  being  to  a  large  extent  free  from  the  domination  of  the  British 
colonial  policy,  could  ship  tobacco  to  other  than  British  ports. 
Much  of  the  Maryland  product,  therefore,  went  direct  to  the  Con- 
tinent, particularly  to  Holland  and  France.  The  foreign  demand 
for  Maryland  tobacco  was  thus  established  at  a  very  early  date  and 
has  persisted  to  the  present  time.  The  tobacco  of  the  Maryland  or 
45801''— Bui.  244—12 * 


Fin.  19.— English  strips,  long  and  ahnrt,  dnrk-Bred  taborco, 
Henderson  or  "Slemralng"  dEatrlcl,  Kentucky.  (Fliolo- 
erapbed  by  tba  Bureau  at  Soils.) 

iveral  subdivisions,  is  shown  on  the  maps 
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Baltimore  types  is  nearly  nil  exported,  and  France  and  Holland 
remain,  as  in  the  early  days,  the  most  regular,  dependable,  and 
important  customers.  The  tobacco  included  under  this  head  is  the 
annual  product  of  three  districts,  as  follows: 

Pounds. 

Southern  Maryland 17, 000, 000 

Upper-county  Maryland  or  Bay 1, 000, 000 

Eastern  Ohio  export 3,000,000 

Approsimate  total 21, 000, 000 

The  tobacco  of  each  of  these  three  districts  is  marketed  through 
Baltimore.  The  trade  generally  speaks  of  Maryland  tobacco  in 
terms  of  hogsheads,  which  average  about  700  pounds  net  weight 
each.  The  average  annual  production  of  the  three  districts  amounts 
to  not  far  from  30,000  hogsheads.  About  90  per  cent  of  this  tobacco 
is  exported  and  10  per  cent  used  in  domestic  consumption. 

In  domestic  consumption  Maryland  tobacco  is  used  to  some 
extent  in  the  manufacture  of  low-grade  cigars,  the  quantity  utilized 
for  this  purpose  varying  considerably  each  year,  depending  upon 
the  relation  between  the  prices  of  tobacco  of  these  types  and  of 
the  regular  cigar  types.  In  the  last  few  years  also,  owing  to  the 
high  price  of  Burley,  there  has  been  a  considerable  increase  in  the 
quantity  of  the  Baltimore  types  taken  for  domestic  consumption  to* 
substitute  for  Burley,  particularly  from  the  upper-county  and 
eastern  Ohio  grades  where  Burley  seed  is  quite  generally  used. 

DISTRIBUTION    IN    USE. 

A  good  idea  of  the  market  distribution  of  Maryland  tobacco  may 
be  had  from  the  annual  trade  review  of  the  Baltimore  tobacco  market 
issued  by  Van  Kapff  &  Arons,  under  date  of  January  3,  1910,  covers 
ing  the  ]>revious  year's  transactions,  an  extract  from  which  is  shown 
m  Table  XIII. 

Table  XIU .^Distribution  o/  Maryland  and  (eatlrm)  Ohio  tohatxo  in  1909. 
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Much  the  larger  portion  of  these  Baltimore  types  of  tobacco  is 
air-cured.  All  of  the  southern  Maryland  type  is  air-cured,  which 
is  in  itself  nearly  80  per  cent  of  the  total,  and  in  late  years  all  but  a 
very  small  proportion  of  the  upper-county  product  has  been  also 
air-cured.    Originally  this  upper-county  tobacco,  generally  spoken 
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of  as  Bay  tobacco,  was  nearly  all  cured  by  open  fires  in  rather  small, 
tightly  daubed  log  bams.  The  cured  product,  therefore,  had  a 
characteristic  smoky  odor  and  flavor  similar  to  the  dark-fired  tobacco 
of  Virginia,  Kentucky,  and  Tennessee.  The  resemblance  ceased 
here,  however,  as  this  Bay  tobacco,  as  well  as  that  of  southern  Mary- 
land and  eastern  Ohio,  was  characteristically  light  in  color  and  body 
and  deficient  in  strength  and  richness,  as  the  dark-fired  was  char- 
acteristically heavy  in  body,  dark  in  color,  and  very  rich  in  so-called 
oil  and  gum.  In  earlier  years  the  southern  Maryland  tobacco  was, 
to  a  considerable  extent,  cured  or  at  least  dried  out  by  open  fires, 
but  the  practice  there  has  been  abandoned.  A  characteristic  south- 
em  Maryland  curing  bam  is  shown  in  figure  20.,  A  sample  of  Mary- 
land colory  leaf  export  tobacco  is  shown  in  figure  21 . 

The  eastern  Ohio  tobacco  district  was  settled  in  the  years  such 
ceeding  the  Revolutionary  War,  principally  by  pioneers  from  Mary- 
land, who  carried  the  production  of  tobacco  with  them  just  as  the 
pioneers  from  Virginia  and  North  Carolina  carried  the  production 
into  Kentucky  and  Tennessee.  Naturally  they  carried  the  seed 
and  methods  of  producing  tobacco  in  Maryland  with  them  and 
they  continued  to  market  the  tobacco  through  Baltimore,  the  market 
with  which  they  were  most  familiar  and  where  the  type  of  tobacco 
which  was  thus  produced  could  be  marketed  to  the  best  advantage. 

Eastern  Ohio  tobacco  is  often  spoken  of  as  spangled  tobacco 
from  its  characteristic  of  curing  up  in  blotched  areas  over  the  leaf, 
changing  sharply  from  a  clear  straw  yellow  to  a  dear  brown  or 
red,  that  is,  it  is  a  two-colored  tobacco.  The  yellow  colors  are 
most  desired  and  bring  the  highest  prices.  The  tobacco  is  classed 
as  yellow  spangled  when  the  much-desired  clear  yellow  color  pr&- 
dominates  and  as  red  spangled  when  the  red  predominates. 

Eastern  Ohio  tobacco  is  typically  a  fire-cured  tobacco,  but  flues 
made  of  loosely  laid-up  stones  are  generally  used  instead  of  building 
open  fires  on  the  ground  within  the  ham.  In  this  way  the  fires  are 
made  and  kept  up  from  the  outside,  but  the  smoke  escapes  inside, 
giving  the  tobacco  a  smoky  or  creosotic  odor  and  flavor.  In  later 
years  sheet-iron  flues  have  been  substituted  for  the  rock  flues  to 
some  extent  and  the  process  of  curing  is  similar  to  the  method 
pursued  in  the  bright  belt  of  eastern  North  Carolina  and  South 
Carolina,  As  in  the  new  section  of  the  bright  belt  also,  the  crop 
is  harvested  by  picking  the  leaves  from  the  stalks  as  they  ripen 
in  the  field,  but  they  are  strung  with  a  needle  and  string  and  placed 
on  a  scaffold  outside  the  bam  for  a  day  or  two  to  yellow  before 
being  placed  in  the  bam  and  the  fires  started.  As  an  aid  in  pro- 
ducing brighter  colors,  the  eastern  Ohio  growers  plant  the  tobacco 
very  thickly,  about  10,000  plants  to  the  acre,  and  top  very  high. 
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or  often  not  at  aU,  so  that  at  harvest  time  the  tobacco  field  is  a  veri- 
table flower  garden  of  seed  heads  in  bloom. 

Rather  high  topping  and  close  planting  is  resorted  to  in  the  Mary- 
land tobacco  districts  proper  in  order  to  keep  the  colors  brighter, 
but  not  to  the  same  extent  as  in  the  eastern  Ohio  district.  In 
Maryland,  moreover,  the  entire  plant  is  harvested  and  cured,  being 
severed  close  to  the  ground  and  speared  on  the  sticks  about  as 
practiced  in  most  of  the  cigar-tobacco  districts.  In  recent  years 
the  proportion  of  air-cured  tobacco  produced  in  eastern  Ohio  has 
increased  greatly,  owing  particularly  to  the  scarcity  and  high  price 
of  Buriey,  and  more  than  half  of  the  crop  is  now  air  cured  and 
moves  to  market  not  through  Baltimore,  but  through  Cincinnati  or 
Louisville.     The  fire-cured  portion  of  the  crop,  however,  continues 


K[G.  a).— Marylttiid  lohiino-furlng  bom,  Uppof  Uarlboro,  Princa  Ooornea  Co.,  lid. 

to  be  sold  in  Baltimore  and  during  the  past  few  years  has  ranged 
from  2,000  to  6,000  hogsheads  a  year. 

The  production  of  ail  these  Baltimore  types  of  tobacco  has  tended 
in  later  years  to  decrease  rather  than  to  increase,  and  the  output 
now  ranges  considerably  below  the  maximum  attained  in  the  periods 
just  before  and  just  succeeding  the  Civil  War.  In  the  seventies 
Maryland  proper  produced  annually  from  35,000  to  40,000  hogs- 
heads, instead  of  25,000  aa  at  present,  and  eastern  Ohio  produced 
15,000  to  20,000  hogsheads,  instead  of  4,000  as  at  present.  In 
1874  the  eastern  Ohio  production  marketed  through  Baltimore, 
which  included  practically  all  of  it,  was  28,000  hogsheads.  The 
cause  of  this  (locroase  in  production  has  not  been  due  to  actually 
lower  ])ricos  on  the  average,  but  rather  to   an  increasing  cost  of 
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production  and  to  the  diversion  of  attention  to  other  crops  which 
have  proved  more  profitable.  In  the  eastern  Ohio  section,  the 
development  of  the  petroleum  industry  also  proved  a  diverting 
influence,  as  lands  were  more  valuable  for  oil  wells  than  for  fanning. 
The  Baltimore  types  of  tobacco  are  valuable  as  a  whole  because  of 
their  color,  good  burning  qualities,  and  fineness.  For  these  qualities 
they  are  desired  by  European  countries,  where  they  are  much 
used  to  mix  with  other  tobacco  to  make  the  appearance  of  the  latter 
more  attractive  and  to  help  the  combustion  of  bad-burning  tobaccos. 
Aside  from  these  qualities,  the  Baltimore  types  are  rather  weak,  dn", 


ioR  bov  hands  are  Canned  out  In  puckliiK' 
eau  ol  SdDs.) 

and  characterless  tobaccos.  Thoy  are  used  almost  exclusively  for 
pipe  smoking  and  for  cigarettes. 

In  general  appearance  the  Maryland  tobacco  more  nearly  resembles 
Burlcy  than  any  other  important  type,  both  in  color  and  in  general 
appearance,  but  it  does  not  possess  such  good  absorptive  capacity 
for  sauces  or  other  liquids,  and  has  not  quite  as  good  life  and  body. 
Indeed,  Burley  seed  is  used  extensively  both  in  the  upper-county 
Maryland  district  and  in  the  eastern  Ohio  district. 

Until  recently  about  10  per  cent  of  the  eastern  Ohio  tobacco  was 
produced  across  the  river  in  West  Virginia,  particularly  in  Jackson 
and  Wood  Counties.  Recently,  however,  the  production  of  the  fired, 
spangled  tobacco  in  West  Virginia  has  been  greatly  reduced  and  the 
tobacco  now  produced  there  is  nearly  all  ordinary  air-cured  Buri^K-L » 
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OKADE8   AND  PRICES. 

The  Maryland  types  of  tobacco  as  a  whole  are  produced  on  rather 
light  soils,  ranging  from  loamy  clays  to  those  that  are  quite  sandy. 
They  are  very  easy  to  work.  Most  colory  tobaccoa  are  produced  on 
the  lighter  class  of  soils.  Holland  takes  most  of  the  highest  colored 
tobacco  and  pays  the  best  price,  sometimes  as  high  aa  15  or  16  cents 
a  pound  for  the  aiiw:ured  types.  The  best  fired  bay  and  spangled 
tobaccos  often  bring  from  18  to  20  cents  or  more  a  pound  and  go 
principally  to  brokers  in  the  open  markets  of  Germany  (Bremen 
and  Hamburg)  for  final  distribution  to  the  manufacturers  of  northern 
Europe.     France  takes  more  of  the  red  grades. 

The  general  average  price  for  Maryland  tobacco  has  been  about 
5i  to  6J  cents  a  pound.  The  last  few  crops,  however,  owing  to  the 
generally  higher  price  level  for  all  tobaccos,  have  commanded  a 
somewhat  better  price,  the  Baltimore  market  averaging  about 
7  cents  in  1908  and  a  little  better  than  that  in  1909.  Under  this 
influence  the  acreage  in  Maryland  has  shown  a  tendency  to  expand, 
but  scarcity  of  labor  and  higher  prices  for  other  products  as  well 
have  been  offsetting  factors. 

DlSTRraunoN   OF  ACBEAOB. 

The  Maryland  tobacco  crop  proper  is  produced  entirdy  in  the 
five  southern  counties  of  the  State,  mostly  south  of  a  line  connecting 
Baltimore  and  Washington,  D.  C,  including  the  peninsula  between 
Chesapeake  Bay  and  the  Potomac  Eiver.  Table  XIV  shows  the 
approximate  distribution  of  the  annual  production. 
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The  larger  portion  of  Maiyland  tobacco  is  marketed  in  the  summer 
and  fall  of  the  year  following  that  in  wiiich  it  is  grown.  It  is  shipped 
in  hogsheads  to  a  considerable  extent  by  water  from  the  numerous 
wharves  on  the  riveis  and  inlets  abounding  on  both  the  Chesapeake 
and  Potomac  side  of  the  peninsula.  Maryland  tobacco  is  not  redried 
prior  to  shipment  abroad  after  bong  purchased  from  the  farmers, 
and  it  is  therefore  necessary  that  the  tobacco  have  some  age  and  be 
thoroughly  dried  out  and  conditioned  before  it  is  marketed.  It  is 
generally  exported  in  the  original  hogsheads  as  sent  in  by  the  farmers. 
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It  is  common  to  see  on  the  roads  of  southern  Maryland  a  load  con- 
sisting of  one  or  two  hogsheads  of  tobacco  drawn  by  oxen  or  horses, 
as  shown  in  figure  22. 

Upper^county  or  bay  tobacco  is  produced  principally  in  the 
central  and  northern  part  of  Montgomery  County,  the  area  ex- 
tending, however,  into  Howard,  Carroll,  and  Frederick  Counties, 
The  production  of  this  section  amounts  to  nearly  1,000,000  pounds 
yearly.  Mount  Airy  is  the  most  important  shipping  point  for  this 
district. 

The  eastern  Ohio  export  district  includes  portions  or  all  of  Belmont, 
Guernsey,  Noble,  Monroe,  and  Washington  Counties.  The  propor- 
tion of  fired  tobacco  is  much  greater  in  the  northern  portion  of  the 
area.  In  the  southern  portion  the  percentage  of  regular  air-cured 
Burley  is  large.    The  principal  point  for  shipping  the  export  tobacco 


FiQ.  23.— Hauling  peliad  tobatoo  to  raflrowl  itation  for  alilpmeiil.  A  acnne  [lartlculErly  pommon  In 
porUom  at  (he  Burlay  dbtdct,  in  Uu  Maiylaud  labacco  district,  and  where  timers  priie  uid  ship 
In  bocBbesds. 

is  Bamesville,  in  Belmont  County.  Several  firms  there  buy  leaf 
from  the  farmers,  usually  at  a  round  price,  and  then  grade  and 
condition  the  tobacco  for  shipment  to  Baltimore  commission  houses, 
which  eSoct  the  final  sale  to  the  exporter. 

The  approximate  outlines  of  the  Maryland  tobacco  districts  and 
the  eastern  Ohio  export  district  are  respectively  shown  on  Platca 
I  and  II  (in  pocket). 

FLnB-OUKBD  TOBACCO. 

OBIOIN   AND   EARLY   DEVELOPMENT. 

Flue-cured  tobacco,  as  it  is  known  to-day,  is  essentially  a  modern 

type.     Its  development  has  taken  place  principally  since  the  Civil 

War  and  its  most  rapid  development,  particularly  in  the  New  Belt 
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section  of  eastern  North  Carolina  and  South  Carolina,  has  been  since 
1890.  Its  maximum  production  was  reached  in  1903,  when  the  flue- 
cured  crop  exceeded  250,000,000  pounds,  according  to  estimates 
of  competent  members  of  the  tobacco  trade  based  on  market  reports. 

Although  a  modern  type  in  its  present  development,  flue-cured 
tobacco  was  in  its  origin  closely  associated  with  the  old  Virginia 
dark  type  and  is  a  development  and  offshoot  from  it,  dependent  upon 
soil  modification  and  trade  preferences.  As  the  cultivation  of  tobacco 
in  Viiginia  was  pushed  back  upon  the  poorer  sandy  lands  of  the 
southern  tier  of  counties  of  the  State,  the  character  of  leaf  produced 
was  naturally  modified,  particularly  in  color  and  mildness.  It 
became  very  popular  for  home  manufacture  and  consumption,  par- 
ticularly in  the  shape  of  plug  for  chewing  purposes.  To  make  it  more 
acceptable  for  this  purpose  the  use  of  open  fires  in  curing  was  limited 
as  much  as  possible,  and  much  of  the  product  of  this  sandy  type  of 
soU  was  merely  air  cured,  fires  being  used  only  to  protect  it  from 
damage  in  bad  weather.  In  order  to  keep  down  the  odor  of  smoke, 
charcoal  was  often  substituted  for  wood.  The  use  of  charcoal  for 
curing  finally  became  a  regular  practice,  until  superseded  by  the  use 
of  rock  flues  and  finally  by  sheet-iron  flues,  which  still  further  did  away 
with  any  tendency  to  smokiness  and  gave  more  satisfactory  results, 
particularly  in  obtaining  brighter  and  more  uniform  colors  and  greater 
economy  of  fuel  and  convenience  in  firing. 

Under  the  perfected  flue  system  of  curing  it  is  possible,  with 
tobacco  produced  on  certain  soU  types,  to  make  beautiful  and  uni- 
form curings  of  a  very  bright,  clear,  straw,  or  lemon  yellow  color 
with  hardly  a  vestige  of  brown  or  green  shade,  the  stem  often  being 
as  bright  and  clear  a^  the  leaf  itself. 

On  the  right  soils,  moreover,  these  flue-cured  types  often  possess 
good  life  and  body  and  fineuei>3  of  fiber,  and  it  is  this  combination  of 
color,  body,  and  fineness,  with  medium  to  good  size  of  leaf  as  a  neces- 
sary secondary  qualification,  usually  not  difficult  to  obtain,  that 
constitutes  the  fancy  grades  of  the  flue-cured  type  that  bring  farm 
prices  ranging  from  20  cents  up  to  40  or  50  cents  a  pound. 

The  foUowing  story  of  the  evolution  of  "yellow"  tobacco  is  ob- 
tained from  an  account  written  many  years  ago  by  the  late  Maj, 
R.  Ij.  Ragland,  of  Halifax  County,  Va.,  liimself  a  noted  grower  and  a 
well-posted  man  r^arding  the  tobacco  industry.  He  states  that 
particular  attention  was  first  attracted  to  the  light-colored  piebald 
or  mottled  tobacco  of  Virginia  and  North  Carolina  soon  after  the  War 
of  1812  to  meet  an  export  demand  for  such  types  from  France,  and 
that  in  the  export  trade  the  tyjie  was  called  "French"  tobacco. 
Furthermore,  the  domestic  manufacture  of  tobacco  (principally 
plug)  began  to  expand  about  this  time  and  these  mild,  light  types 
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also  came  into  greater  demand  for  that  purpose.  Planters  with 
suitable  soils,  particularly  freshly  cleared  fields  of  a  gray  or  sandy 
nature  so  common  in  the  border  counties  of  central  Virginia  and 
North  Carolina  between  the  coastal  plain  and  the  Blue  Ridge,  vied 
with  each  other  in  producing  the  highest  colored  sweet  and  mild 
tobaccos. 

The  method  of  curing  first  in  use  waa  to  begin  with  small  open  fires 
to  be  continued  until  the  leaf  was  properly  yellowed  and  then  increase 
the  fires  steadily  and  cure  up  the  leaf  as  yellow  as  possible  with  open 
wood  fires.  Maj.  Bagland  thought  that  charcoal  was  first  made  use 
of  in  curing  this  type  about  1824  in  Caswell  County,  N.  C,  the  honor 
lying  between  Capt.  Abishai  Slade  and  Mr.  William  Long.  Maj 
Ragland  also  states  that  Br.  Davis  G.  Tuck,  of  Halifax  County,  Va. 
waa  the  first  to  use  flues  in  curing  tobacco  and  waa  granted  a  patent 
therefor  in  1829.  Because  of  the  defective  plan  of  construction, 
however,  these  flues  were  very  liable  to  burst  in  use,  and  they  never 
came  into  general  use  until  about  the  time  of  the  Civil  War  and  after 
the  plan  of  construction  had  been  improved. 

Maj ,  Ragland  speaks  also  of  attending  a  meeting  of  tobacco  growers 
in  1850  at  Cluster  Springs,  Halifax  Co.,  Va.,  to  listen  to  an  address 
by  Capt,  Slade  on  coal  curing  yellow  tobacco.  Up  to  1850  the  pro- 
duction of  yellow  tobacco  was  small  and  confined  principally  to 
Caswell  County,  N.  C,  and  Pittsylvania  County,  Va. 

Figure  23  shows  a  typical  field  of  tobacco  of  the  fine  flue-cured 
type  grown  on  freshly  cleared  land,  which  generally  jaelds  the  bright- 
est and  finest  textured  leaf.  Figure  24  shows  a  standard  type  of 
flue-curing  bam  which  has  been  in  use  in  the  Old  Belt  section. 

IMPORTANCE  OF  PEBTILEEBS  IN  STIMULATING   PEODUCTION. 

An  important  factor  in  making  the  rapid  development  in  produo* 
tion  of  the  fluoK^ured  type  possible  since  the  Civil  War  was  the  intro- 
duction of  commercial  fertilizers. 

Bright  tobacco  soils  as  a  class  are  naturally  rather  infertile.  Before 
the  use  of  artificial  manures  became  general  in  the  seventies  of  the 
last  century  the  portion  of  the  country  now  noted  for  the  production 
of  the  fine  flue-cured  leaf  was  but  little  farmed.  On  most  of  these 
soils  crop  yields  including  those  of  tobacco  were  so  small  without 
fertilizer  that  it  did  not  pay  to  cultivate  them.  They  were,  however, 
light  and  friable  and  of  a  character  to  respond  readily  to  fertilizers, 
pwticularly  in  producing  a  highr-value  crop  like  tobacco.  The  use 
of  fertilizers  increased  the  chances  of  profit  from  growing  tobacco  in 
two  ways.  It  markedly  increased  the  yield,  often  more  than  100  p^r 
cent,  and  also  improved  the  quality  greatly,  so  that  the  tobacco 
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would  sell  for  a  higher  price  per  pound.     Many  soila  which  with 
fertilizers  would  produce  a  good  yield  of  fine  tobacco  at  a  satisfactory 


d  Belt  district,  FUtsrlvwiia 


lit  section,  PUWylTOnlaCouiily.Va.    The  pile  of 


profit  would  produce  almost  nothing  without  them.     The  use  of  fer- 
tilizers was,  therefore,  a  most  potent  factor  in  rendering  possible  the 
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great  development  in  the  production  of  bright  flue-cured  tobacco. 
There  are  to-day  no  other  types  of  tobacco  on  which  fertilizers  are  so 
freely  used  as  on  the  bright  flue-cured  types,  except  on  some  of  the 
high-priced  cigar-wrapper  types  in  New  England  and  Florida. 

USES    OF   FLUE-CUKED  TOBACCO. 
DOMESTIC  CONBUMPTION. 

In  the  early  days,  before  the  CSvil  War  and  soon  after,  the  fore- 
nraner  of  the  present  flue-cured  type  was  principally  an  air  or  "coal" 
cured  product.  It  was  mostly  red,  malu^any,  or  piebald  in  color  and 
was  manufacttved  largely  into  domestic  plug  for  chewing.  It  was 
very  acceptable  for  this  purpose  and  made  a  mild,  sweet,  aromatic 
chew. 

The  manufactures  of  this  type  of  plug  had  not  then  developed  the 
present  system  of  brands  nor  was  it  so  concentrated  in  a  few  large 
factories  as  at  present,  and  the  business  was  divided  up  among  a 
comparatively  large  number_pf  independent  factories  in  the  larger 
towns  scattered  throughout  the  growing  districts. 

The  product  of  these  factories  was  distributed  largely  by  wagons, 
which  would  make  long  trips  into  nonproducing  sections,  peddling 
out  the  manufactured  product  at  the  crossroad  stores.  On  the  return 
trip  these  wagons  would  pick  up  such  merchandise  as  might  be  han- 
dled to  advantage  in  the  home  town.  Petersburg,  Lynchburg,  Farm- 
ville,  Clarksville,  South  Boston,  Danville,  and  Bedford  City  were 
among  the  more  noted  of  these  local  centers  for  the  manufacture  of 
plug  chewing  tobacco;  but  the  business  of  nearly  all  of  these  towns 
in  this  class  of  tobacco  has  diminished  greatly  under  modem  condi- 
tions, and  some  of  them  are  now  almost  completely  out  of  the  tobacco- 
manufacturing  business. 

The  primary  cause  which  has  led  to  the  decadence  of  these  local 
independent  factories  is  the  concentration  of  manufacturing  in  the 
hands  of  a  few  large  firms  with  large  city  factories. 

The  business  of  manufacturing  flue-cured  plug,  generally  known  na 
flat  plug  to  distinguish  it  from  the  thicker,  more  heavily  sweetened 
Burley  plug  made  in  the  West,  is  now  lai^ely  concentrated  in  Winston 
Salem,  N.  C,,  where  the  manufacture  of  tobacco  has  had  a  vpry  rapid 
development.  TTie  industry  was  in  its  infancy  in  the  early  seventies 
of  the  last  century.  The  quantity  manufactured  now  amounts  to 
upward  of  40,000,000  pounds  of  tobacco  annually  and  in  gross  output 
Winston  ranks  second  only  to  St.  Jjouia,  Mo,,  among  the  great  manu- 
facturing centers  of  the  country,  A  few  million  pounds  of  flue-cured 
plug  are  also  manufactured  at  Reidsville,  N.  C,  and  at  Martins- 
ville, Va. 
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The  manufacture  of  this  class  of  plug  is  still  one  of  the  most  impor- 
tant uses  of  flue-cured  tobacco.  The  grade  of  tobacco  used  for  this 
purpose  is  the  heavier  bodied,  thoroughly  ripened,  red  and  mahog- 
any filler  leaf  produced  principally  in  the  western  portion  of  the  flue- 
cured  belt  in  the  Piedmont  section  of  Virginia  and  North  Carolina. 

Figure  25  shows  chewing  leaf,  plug,  and  twist  tobaccos  in  various 
stages  of  manufacture.  Flue-cured  tobacco  and  bright  tobacco  are 
often  spoken  of  as  being  synonymous.  Much  flue-cured  tobacco, 
however,  particularly  that  best  suited  for  plug  flllor,  as  grown  in  the 
western  portion  of  the  Old  Belt  known  as  the  Winston-Salem  and 
Martinsville  district,  can  at  best  be  classed  as  no  more  than  semi- 
bright,  and  much  of  it  is  red  or  dark  mahogany. 

Another  important  use  to  which  flue-cured  tobacco  is  put  is  in  the 
manufacture  of  granulated  smoking  tobacco,  which,  in  fact,  probably 
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utilizes  a  greater  number  of  pounds  of  this  type  of  leaf  than  any  other 
single  use.  On  the  market  the  leaf  suitable  for  granulating  is  gener- 
ally spoken  of  as  "smokers"  and  consists  principally  of  the  light- 
bodied,  "poor"  leaf  and  scrap  obtained  from  the  bottom  of  the  plant. 
It  is  obtained  from  aJl  portions  of  the  flue-cured  district. 

The  great  center  for  the  manufacture  of  granulated  smoking  tobacco 
is  Durham,  N.  C.  The  output  of  granulated  smoking  tobacco  in 
Durham  is  more  than  30,000,000  pounds  annually. 

The  extensive  use  of  this  granulated  form  of  smoking  tobacco  has 
developed  almost  entirely  since  the  Civil  War,  and  this  fact,  together 
with   the  nearly  simultaneous  development   of  the   machine-made 
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cigarette,  in  a  great  measure  accounts  for  the  rapid  spread  of  the  pro- 
duction of  the  flue-cured  type  of  tobacco.  In  the  early  days  the 
tobacco  was  granulated  or  flaked  by  means  of  flails  or  sticks,  now  of 
course  superseded  by  specia]  granulating  machinery. 

Flue-cured  tobacco  is  also  used  extensively  in  the  production  of 
machine-made  cigarettes  and  is  the  most  important  type  of  tobacco 
for  this  purpose  produced  in  the  United  States.  The  cigarette  grades, 
generally  designated  as  cigarette  cutters,  are  ranked  among  the  better 
grades  of  leaf.  They  must  be  sound  and  must  possess  good  life  and 
oil  as  well  as  good  color  and  fineness  of  fiber,  but  do  not  need  to 
possess  quite  the  body  and  toughness  necessary  in  a  plug  wrapper. 

This  district  also  produces  a  large  percentage  of  the  leaf  used  in 
wrapping  plug,  both  of  the  flat  Winston  Salem  type  and  of  the 
western  type  made  from  heavily  sweetened  Burley.  These  plug 
wrappers  constitute  the  highest  grades  of  flue-cured  tobacco  and  bring 
from  25  to  50  cents  a  pound,  according  to  the  supply  and  to  the  body 
fineness  and  color  of  the  leaf  itself.  The  middle  section  of  the  flue- 
cured  district  from  Henderson,  N.  C,  to  Danville,  Va.,  produces  the 
lai^est  percentage  of  leaf  suited  for  plug  wrappers.  Specially  noted 
sections  producing  a  high  grade  of  wrapper  leaf  are  the  Dutchville 
district  of  Granville  County,  X.  C,  and  the  White  Oak  Mountain 
district  of  Pittsylvania  and  Halifax  Counties,  Va.  About  60  per 
cent  of  the  total  flue-cured  crop  is  used  in  domestic  consumption. 

EZPOBT  VKMAHDf 

While  the  flue-cured  type  of  tobacco  is  particularly  adapted  for 
manufacture  and  use  in  domestic  consumption  and  is  most  extensively 
used  at  home,  it  is,  nevertheless,  also  a  favorite  export  type,  with  a 
constantly  expanding  foreign  market.  It  is  about  the  only  type  of 
tobacco  produced  in  this  country  which  has  tended  in  recent  years  to 
decidedly  increase  the  volume  of  our  exports  of  leaf  tobacco.  This 
expiort  trade  would  probably  increase  more  rapidly  were  it  not  for 
the  sharp  competition  of  domestic  demand,  resulting  in  relatively 
high  prices  as  compared  with  the  other  export  types. 

Great  Britain  and  the  British  possessions,  Canada,  South  Africa, 
and  Australasia,  are  by  far  the  most  important  foreign  customers  for 
this  type  of  tobacco.  These  countries  use  it  principally  for  smoking 
tobacco  and  cigarettes.  China,  Japan,  and  some  of  the  European 
countries  also  make  use  of  this  type  in  considerable  quantities. 

The  trade  reports  of  the  principal  markets  of  Great  Britain  indicate 
that  that  country  alone  takes  from  45,000,000  to  50,000,000  pounds 
of  our  flue-cured  type  of  leaf  annually. 

In  the  foreign  trade  flue-cured  tobacco  is  often  spoken  of  as  Vir- 
ginia leaf  or  strips,  probably  because  in  the  past,  as  is  also  still  lai^ely 
true,  it  was  exported  in  great  part  through  the  markets  of  Virginia, 
particularly  Richmond  and  Danville,    although,  of  course,  North]  c 
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Carolina  produces  far  more  flue-cured  leaf  than  does  Virginia,  as  indi- 
cated in  Table  XVII  (p.  68).  Figure  26  sho-ws  an  interior  view  of  a 
leaf  factory  at  Qreenville,  N.  C,  engaged  in  the  making  of  strips  for 
export  to  England. 

DISTREBtmON   IN    USE, 

Estimating  the  total  average  production  of  flue-cured  tobacco  in 
the  Old  Belt  and  in  the  New  Belt  at  about  215,000,000  pounds  annu- 
ally, it  would  be  interesting  to  know  how  this  tobacco  is  distributed 
in  the  trade  according  to  the  uses  to  which  it  is  put.  No  figures  can 
be  quoted  giving  this  information  in  an  accurate  statistical  way. 


Fia.  26.— Slemmlng  ro 


However,  making  use  of  revenue  returns,  export  figures,  trade  reports, 

and  of  general  information  picked  up  here  and  there,  the  following 

estimate  of  distribution  may  be  accepted  as  substantially  correct: 

Table  XV. — EttimaUd  dutiiinitum  in  ute  of  fiut-eared  tobacco. 
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OBADEB  AND  PBtCES. 

At  10  cents  a  pound,  which  is  about  the  average  for  the  five  years 
ending  in  1910,  the  flue-cured  type  of  tobacco  has  brought  to  growers 
the  sum  of  about  $20,000,000  annually.  Growers  claim,  however, 
that  counting  all  factors  in  connection  with  the  expense  of  producing 
flue-cured  tobacco,  it  costs  about  10  cents  a  pound  to  raise  it. 

The  price  schedule  put  forth  by  the  Interstate  Tobacco  Growers' 
Protective  Association  of  Virginia  and  North  Carohna,  given  in  Table 
XVI,  throws  some  light  on  the  various  market  grades  into  which  the 
flue-cured  type  of  tobacco  is  divided  and  the  approximate  relative 
prices  of  each.  It  should  be  borne  in  mind,  however,  that  they  are 
based  upon  a  price  level  to  the  farmer  fully  2J  cents  a  pound  above 
that  which  has  been  current  in  recent  years. 

Table  XVI. — Scale  of  prieea  adopted  bo  the  Intertlate  Tobaca?  Groverg'  Protectitie 
Auodalion  of  Virginia  and  North  Carolina/or  the  mle  of  thdr  pooled  holdings  qfflue- 
eured  tobacco  in  October,  1904. 
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FLUE-CUBED  TOBACCO   AT  THE   PABIS   EXPOSITION   OF   1900. 

At  the  Paris  Exposition  of  1900  our  flue-cured  bright  leaf  was 
considered  by  the  jury  of  awards  in  comparison  particularly  with 
Turkish  leaf,  which  is  generally  regarded  as  a  distinctly  cigarette 
type  of  tobacco.  Mr.  M.  L.  Floyd,  the  only  member  of  this  jury 
from  the  United  States,  reported  that  the  jury  was  inclined  to  favor 
the  Turkish  leaf  from  the  standpoint  of  quahty.  The  bright,  flue- 
cured  leaf,  however,  is  yet  of  veiy  satisfactory  quality  even  as  a 
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cigarette  tobacco,  and  in  addition  it  is  susceptible  of  a  much  broader 
field  of  usefulness.  Because  of  this  much  greatet  all-round  use- 
fulness and  adaptability,  the  jury  finally  gave  it  the  same  award  as 
the  Turkish  leaf,  ranking  them  on  an  equal  basis  of  merit  and  both 
were  granted  gold  medals. 

SUBDIVISIONS    OF   THE    PLTTB-CCBBD   DISTRICT. 

Broadly  speaking,  two  quite  well-defined  subdivisions  of  producing 
area,  reflected  in  a  material  modification  in  the  general  character  of 
the  tobacco  produced,  are  recognized  in  the  flue-cured  territory, 
extending  as  it  does  from  the  piedmont  and  even  the  mountain  sec- 
tion of  western  North  Carolina  and  eastern  Tennessee  to  the  coast 
country  of  eastern  North  Carolina  and  South  Carolina. 

Up  to  the  lato  eighties  of  the  last  century  flue-cured  tobacco  was 
not  produced  in  commercial  quantities  of  importance  east  of  Warren, 
Franklin,  and  Wake  Counties  in  North  Carolina,  and  the  easternmost 
market  town  of  importance  for  the  sale  of  leaf  tobacco  was  Hen- 
derson, N.  C. 

It  was,  however,  grown  even  farther  westward  in  the  mountain 
section  than  at  present.  In  the  eighties  of  the  last  century  the  pro- 
duction of  flue-cured  tobacco  had  a  considerable  boom  in  some  of 
the  counties  of  east  Tennessee  and  in  the  southern  part  of  West 
Virginia.  Buncombe  and  Madison  Counties,  N.  C,  were  then  quite 
heavy  producing  counties  and  Asheville  and  Marshall  in  these  two 
counties,  respectively,  were  important  leaf  markets.  Greenville  and 
Bristol,  across  the  State  line  in  Tennessee,  also  developed  into  market 
points  of  considerable  importance. 

The  production  of  flue-cured  tobacco  has  long  since  been  abandone<l 
in  West  Virginia  and  Burley  now  holds  sway  there.  But  little 
tobacco  is  now  produced  in  the  extremely  hilly  counties  of  western 
North  Carolina,  and  Asheville  and  Marshall  are  no  longer  leaf  markets. 

In  Greene  County,  Tenn.,  however,  a  considerable  interest  in 
tobacco  growing  still  persists  and  the  production  has  been  something 
like  1,000,000  pounds  annually  for  some  years.  In  1908  and  since 
then,  owing  to  the  extremely  high  prices  of  Burley,  the  tojal  tobacco 
acreage  in  eastern  Tennessee  subsidiary  to  Greenville  as  a  market 
center  has  greatly  increased.  The  estimated  production  in  1909  was 
from  3,000,000  to  5,000,000  pounds,  less  than  half  a  million  of  which, 
however,  was  estimated  to  be  of  the  flue-cured  type,  the  interest 
having  shifted  to  Burley.  Bristol,  which  in  its  best  years  sold  about 
5,000,000  pounds  of  tobacco,  has  long  since  ceased  to  be  a  market. 

All  of  the  present  flue-cured  territory  in  '\^ginia  and  in  western 
and  central  North  CaroUna  to  and  including  the  counties  of  Warren. 
Franklin,  and  most  of  Wake  is  generally  known  among  tobacco 
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people  as  the  "Old  Belt"  aection.  The  line  is  of  course  more  or  less 
arbitrary,  but  it  quite  closely  represents  the  approximate  eaatera 
limits  of  tobacco  growiag  prior  to  the  great  expansion  eastward 
which  took  place  from  1885  to  1890,  and  also  represents  in  broad 
outhns  the  approximate  division  point  between  the  New  Belt  and  the 
Old  Belt  tobaccos  in  point  of  quality. 

The  Coastal  Plain  sandy  soils  of  the  New  Belt  section  produce  a 
brighter  type  of  leaf,  but  generally  with  leas  body  and  substance  than 
do  the  soils  of  the  Old  Belt  with  their  greater  percentage  of  clay, 
particularly  in  the  subsoil. 

Modifications  in  methods  of  cultivation  and  handling  in  the  two 
regions  are  characteristic,  particularly  in  the  matter  of  priming, 
topping,  harvesting,  and  curing.     In  the  Old  Belt  section  the  plants 
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are  topped  lower  and  generally  a  few  bottom  leaves  are  primed  off  and 
fliscarded  at  topping  time,  usually  leaving  only  about  10  leaves  to 
each  plant  to  mature.  In  the  New  Bolt  section  higher  topping  is 
practiced,  that  is,  more  leaves  are  left  on  the  plant.  In  the  Old  Belt 
also,  the  whole  plant  is  cut  and  cured  at  one  time  wliile  in  tlie  New 
Belt  it  is  customary  to  pick  the  leaves  a  few  at  a  time  as  they  ripen, 
beginning  at  the  bottom  of  the  plant  and  going  up.  Other  modifica- 
tions of  method  might  also  easily  be  noted  in  the  two  sections. 
Figure  27  shows  tho  method  of  harvesting  tobacco  in  the  Old  Belt 
section,  the  whole  ]>lant  being  harvested  and  hung  on  the  stick,  while 
figure  28  shows  a  harvesting  scene  in  the  New  Belt  section.  The 
separata  leaves  are  harvested  and  fastened  to  tlio  sticks  in  small 
bundles  with  strings. 

458bl''-Bul.  244—12 S 
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A  number  of  reasons  conspired  to  bring  about  the  rapid  introduction 
and  extension  of  tobacco  growing  into  eastern  North  Carolina  and 
South  Carolina  in  the  last  decade  of  the  nineteenth  century.  Among 
these  reasons  the  low  price  of  cotton  ia  noteworthy.  The  entire  New 
Belt  section  is  a  cotton-producing  country  and  any  decided  shifting 
in  the  balance  between  the  price  of  cotton  and  tobacco  is  quickly  re- 
flected in  the  acreage  and  production  of  tobacco.  The  production 
of  New  Belt  tobacco  from  year  to  year  is  therefore  subject  to  extreme 
fluctuations  amounting  to  doubling  the  crop  in  some  instances  and 
halving  it  in  others.  In  1903,  when  the  maximum  of  production  was 
reached  in  the  New  Belt,  the  crop  was  estimated  at  over  125,000,000 
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pounds;  in  1904,  undertheinfluenceof  very  low  prices  for  tobacco  and 
high  prices  for  cotton,  it  was  less  than  60,000,000  pounds. 

Cotton  is  not  grown  to  any  considerable  extent,  however,  in  the 
Old  Belt  section  and  the  tobacco  crop,  therefore,  ia  very  much  more 
uniform  from  year  to  year  in  regard  to  acreage,  as  no  other  money  crop 
is  available  to  which  the  acreage  can  readily  be  shifted.  Althougli 
the  Old  Belt  crop  of  1903  was  also  large,  amounting  to  about  125,000,- 
000  pounds  with  correspondingly  low  prices,  the  crop  of  1904  was  only 
about  10,000,000  pounds  leas  than  in  1903. 

Although  the  Now  Belt  crop  of  tobacco  exceeded  that  of  the  Old 
Bolt  in  1903,  it  is  normally  about  25,000,000  pounds  a  year  less  than 
tho  Old  Belt.  The  normal  production  of  the  Old  Belt  district  at  the 
present  time  stated  in  round  numbers  is  about  120,000,000  pounds, 
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and  that  of  the  New  Belt  ia  about  95,000,000  pounds,  makmg  215,000,- 
000  pounds  as  the  total  annual  production  of  tobacco  of  the  flue-cured 
type. 

Other  important  contributory  causes  for  the  rapid  expansion  of 
tobacco  growing  into  the  New  Belt  section  in  the  decade  mentioned 
was  the  rapid  development  and  expansion  in  the  demand  for  and  con- 
Bumption  of  granulated  smoking  tobacco  and  in  the  use  of  cigarettes, 
also  the  rapidly  expanding  foreign  demand  resulting  in  good  prices 
for  this  type  of  leaf.  This  combination,  therefore,  of  low  prices  for 
cotton  and  high  prices  for  tobacco  is  the  most  important  contributory 
cause  of  the  rapid  development  of  tobacco  growing  in  the  New  Belt 
section. 

A  comparison  of  the  census  returns  of  1890  with  those  of  1900  for 
the  New  Belt  section  of  eastern  North  Carolina  and  South  Carolina 
strikingly  illustrates  the  rapid  extension  of  tobacco  growing  in  that 
decade.  In  1890  the  total  production  of  the  counties  reporting 
tobacco  in  eastern  North  Carolina  and  South  Carolina  was  1,604,304 
pounds,  of  which  1,381,406  pounds  were  in  eastern  North  Carolina 
and  222,898  pounds  in  South  Carolina.  Of  the  total  eastern  North 
Carolina  production  more  than  half,  782,713  pounds,  was  produced 
in  Nash  County  directly  bordering  the  section  designated  as  the  Old 
Belt,  Only  two  other  counties  in  this  section  produced  more  than 
100,000  pounds  of  tobacco  each.  They  were  Wilson  and  Wayne 
Counties  with  232,966  and  112,010  pounds  production,  respectively. 

The  figures  for  the  1900  census  show  an  amazing  increase  in  this 
section.  From  less  than  2,000,000  pounds  total  production  of 
tobacco  shown  by  the  1890  census,  the  figures  for  1900  gave  the  New 
Belt  section  a  production  of  79,603,610  pounds,  of  which  59,707,640 
pounds  were  produced  in  eastern  North  Carolina  and  19,895,970 
pounds  in  South  Carolina.  This  great  extension  in  production  car- 
ried North  Carolina  ahead  of  Virginia  and  made  it  second  only  to 
Kentucky  in  total  production  of  tobacco,  which  relative  position  the 
State  has  since  continued  to  hold. 

The  maps  (Pis.  I  and  II,  in  pocket)  show  the  approximato  limits  of 
the  established  producing  territory  for  the  flue-cured  type  of  tobacco 
in  1909.  The  line  separating  tho  flue-cured  type  from  the  dark-fired 
type  in  Virginia  is  of  course  only  an  approximation.  No  definite  line 
exists  showing  where  one  begins  and  the  other  ends.  What  really 
exists  ia  a  belt  of  country  upon  which  can  be  found  either  type  here 
and  there,  according  to  the  character  of  the  soil  and  the  preference  of 
the  grower. 


Table  XVII  gives  a  list  of  the  counties  in  the  Old  Belt  section  of 
Virginia,  North  Carolina,  and  Tennessee  that  produce  tobacco  in 
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produced  in  each.  Counties  like  Mecklenburg  and  Charlotte  in  Vir^ 
^nia  produce  considerable  quantities  of  both  the  flue-cured  and  the 
dark-flred  type.  The  estimate  of  such  counties  is  for  the  flue-cured 
type  only. 
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This  Old  Belt  section  might  be  still  further  subdivided  into  the 
eastern  and  western  subsection,  or  into  the  Winston  Salem  and  the 
DaDTille  subsections.  The  soil  grows  progressively  more  clay^  as 
one  proceeds  westward,  and  the  change  is  reflected  in  the  quality  of 
the  tobacco  produced.  The  western  subsection  is  noted  for  the  large 
proportion  of  leaf  adapted  for  use  as  fillers  for  flat  plug  as  manufac- 
tured so  extensively  at  Winston  Salem,  N.  C.  Henry  County,  Va., 
and  Stokes  County,  N.  C,  are  particularly  noted  for  the  fine  quahty 
of  fillers  produced  suitable  for  this  class  of  plug. 

The  proportion  of  mahogany  or  red  tobacco  in  this  western  sub- 
section of  the  Old  Belt  ia  also  much  greater  than  in  the  eastern  part. 
An  approximate  line  separatii^  the  western  from  the  eastern  parts 
of  the  Old  Belt  would  show  Franklin  and  Henry  Counties  in  Vii^nia 
and  a  part  of  Rockingham  County  in  North  Carolina  and  all  west  to 
the  Blue  Ridge  in  the  western  or  Winston  Salem  subsection  of  the 
Old  Belt  section. 

Danville,  Va.,  Winston  Salem,  N.  C,  and  South  Boston,  Va.,  are 
the  most  important  fiist-hand  markets  for  the  Old  Belt.  These  three 
markets  sell  from  first  hands  fully  50  per  cent  of  the  total  Old  Belt 
productions. 

THB  HBW  BRLT  SBtTTlON. 

Table  Xyill  gives  a  list  of  the  important  producing  counties  of  the 
New  Belt  section,  with  estimates  of  average  production. 
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Table  7CVIII. — EiUmaUd  acreage  of  annual  producthn  of  fitie-Oired  tobacco  in  Ae 
New  Belt  tecttotu  of  North  Carolina  and  South  Carolirui,  dUtribuled  by  oountiet,  and 
the  total  prodtiction  in  all  dietrielM  of  Virginia,  North  Carolina,  South  Carolina,  arui 
Taaieuet. 
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As  in  the  case  of  the  Old  Belt  section,  the  New  Belt  section  might 
with  some  reason  be  again  subdivided  into  two  subsections  repre- 
sentative of  noticeable  differences  in  the  quality  of  the  tobacco  itself, 
broadly  speaking,  and  of  methods  of  cultivation  and  handling,  par- 
ticularly in  respect  to  the  manner  of  placing  the  tobacco  on  the 
market.  As  a  whole  the  South  Carolina  soils  are  more  sandy  than 
those  of  the  eastern  North  Carolina  section,  particularly  the  portion 
east  of  the  Pedee  Kiver,  resulting  in  some  modifications  of  body  and 
color  in  the  tobacco  produced. 

The  South  Carolina  product  is  on  the  whole  perhaps  paler  in  color 
and  lighter  in  body,  though  this  distinction  of  course  would  not  hold 
for  certain  sections  of  South  Carolina,  particularly  that  portion  west 
of  the  Pedee.  The  eastern  part  of  Darlington  County,  in  the  vicinity 
of  Montclare,  and  Clarendon  County,  in  the  Pudding  Swamp  neighbor- 
hood, are  especially  famed  for  the  fine  quality  of  leaf  produced. 

In  the  South  Carolina  section  the  growers  have  adopted  the  prac- 
tice in  the  last  few  years  of  selling  the  tobacco  ungraded  and  not  tied 
into  hands,  tdthough  of  course  the  very  fact  of  priming  the  tobacco 
on  the  plant  a  few  leaves  at  a  time  as  they  ripen  makes  for  a  certain 
d^ree  of  grading,  since  the  ground  leaves,  middle  leaves,  and  tops 
naturally  fall  more  or  less  into  curings  by  themselves.  In  1909  it  was 
estimated  that  fully  80  per  cent  of  the  South  Carolina  crop  was  sold 
in  this  way,  ungraded,  and  not  tied  up.  This  practice  serves  still 
further  to  differentiate  the  South  Carolina  portion  of  the  New  Belt 
from  the  eastern  North  Carolina  portion. 
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In  noting  the  production  by  counties  as  shown  in  Table  XVIII  for 
eaatem  North  Carolina  it  will  be  seen  that  the  growing  of  tobacco 
almost  ceases  in  Cumberland,  Sampson,  and  Bladen  Counties.  This 
section  of  country  is  really  the  dividing  line  between  the  eastern 
North  Carolina  section  as  a  separate  district  and  the  South  Carolina 
section.  The  border  counties,  Robeson  and  Columbus,  of  North  Caro- 
lina, are  really  more  closely  identified  with  the  South  Carolina  district 
than  with  the  eastern  North  Carolina  portion  of  the  New  Belt. 

The  principal  market  centers  of  the  New  Belt  are  Wilson,  Qreen- 
ville,  Kinston,  and  Roc^  Mount  in  eastern  North  Carolma,  and 
Mullins,  Darlington,  Lake  City,  and  TimmonsviUe  in  South  CaroUna. 
These  eight  markets  sell  from  first  hands  about  70  per  cent  of  the 
total  New  Belt  crop.  The  remainder  is  divided  between  a  consider- 
able number  of  small  markets  selling  usually  from  1,000,000  to 
3,000,000  pounds  each. 

All  things  considered,  this  flue-cured  type  of  tobacco  is  unsurpassed 
in  universal  popularity  and  general  adaptability  to  a  variety  of  usee, 
including  granulated  and  cut  smoking  tobacco,  both  paper  and  aU- 
tobacco  cigarettes,  and  plug  filler  and  wrapper;  in  fact  it  is  adapted 
to  practically  all  the  regular  forms  in  which  tobacco  is  used  except 
standard  cigars  and  snuff.  In  color  and  general  appearance  it  is  very 
attractive,  while  its  low  nicotine  content,  mildness,  aromatic  sweet- 
ness, fragrance,  and  good  keeping  qualities  render  it  very  satisfying  to 
the  user. 

The  two  subdivisions  of  the  flue-cured  district  are  outlined  on  the 
map  (PI.  I,  in  pocket). 

WHITE  BTTBLBT  TOBACCO. 

OKIGIN    AND    EAKLY   DEVELOPMENT. 

The  cultivation  of  tobacco  in  Kentucky  and  Ohio  was  introduced 
by  the  pioneer  settlers  from  Vii^inia  and  Maryland  in  the  period 
succeeding  the  Revolutionary  War.  Many  of  these  settlers  occupied 
the  lands  along  either  side  of  the  Ohio  River. 

Whether  the  development  of  Burley  tobacco  in  this  section  was 
from  the  Maryland  type  of  seed,  like  that  of  the  eastern  Ohio  export 
tobacco,  or  from  the  Virginia  type  of  seed,  history  does  not  make 
clear.  Burley  tobacco  more  closely  resembles  the  tobacco  of  Maty- 
land  in  general  appearance  than  it  resembles  the  Virginia  type.  Tl^ 
is  true  in  point  of  general  diaracter,  including  body  and  color,  and 
both  are  air-cured  tobaccos,  while  the  Vii^inia  types,  excepting  the 
"sun-cured,"  are  cured  by  artificial  heat,  either  by  open  fires  or  by 
flues. 

The  origin  of  the  name  Burley  is  uncertain,  but  is  said  by  some  to 
be  derived  from  the  name  of  a  grower  or,  perhaps,  as  otheis  think, 
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It  was  80  named  for  Lord  Burleigh  of  England;  in  any  event,  a 
Burley  tobacco  was  cultivated  in  this  Ohio  River  section  for  some 
years  prior  to  the  Civil  War.  It  was  not,  howevw,  the  White  Burley 
as  we  now  know  it. 

The  development  of  the  present  type  of  White  Burley,  possessing 
the  peculiar  creamy-white  color  modification  of  stem,  stalk,  and 
veins,  and  also  to  a  degree  of  the  web  of  the  leaf  itself,  took  place, 
according  to  the  present  belief,  as  a  mutation  or  sport.  It  seems 
pretty  well  established  that  White  Burley  originated  on  the  farm  of 
Mr.  Geoige  Webb  near  the  village  of  Higginsport,  Brown  Co.,  Ohio. 

The  following  account  of  the  origin  of  the  new  white  tobacco,  as 
it  was  called,  written  in  1875  by  Mr.  A.  F.  Ellis,  who  was  a  neighbor 
of  Mr.  Webb  at  the  time,  is  quoted  from  the  Western  Tobacco 
Journal : 

White  Burley  tobacco  first  made  iie  appearance  in  the  year  1864,  near  the  viUafre  of 
Higginsport,  Brown  County,  Ohio.  In  the  Epring  of  that  year  one  Geoige  Webb  pro- 
cured from  G.  W.  Barkley.  of  Bracken  County,  Ky.,  a  small  portion  of  tobacco  seed 
of  the  Itind  then  known  as  Little  Burley.  He  eowed  a  part  of  this  seed  and  giew  a  bed 
of  fine-looking  plants,  but  when  ready  to  transplant  found  among  them  a  few  of  a 
peculiar  white  or  yellow  color  and,  mppocdng  them  to  be  diseased  or  dwarfed  plants, 
pulled  them  up  and  threw  them  away. 

The  next  year,  being  ecsrcc  of  seed,  he  sowed  the  remainder  of  this  old  eeed  and 
■gain  found  a  portion  of  the  same  kind  of  plants  that  he  had  thrown  away  the  year  pr^ 
vioua.  This  enciied  the  curiosity  of  Mr.  Webb  and  othera,  whose  attention  had  been 
called  to  these  strange-looking  plants,  and  they  were  induced  to  transplant  them, 
raising  in  all  about  1,000  plants,  which  proved  to  be  healthy  and  thrifty,  and  when 
fully  ripe  were  almost  of  a  cream  color,  making  a  great  contrast  with  other  tobacco. 

The  result  of  this  experience  created  quite  a  sensation  throughout  the  neighborhood 
and  many  growem  came  from  every  direction  to  see  what  they  called  a  freak  of  nature. 
The  tobacco  cured  a  bright  yellow  or  cream  color,  but  was  adjudged  bitter  to  the  tast«. 
Some  concluded  tliat  although  the  tobacco  colored  well  and  produced  the  pounds,  on 
account  of  its  bitter  taste  it  would  not  he  safe  to  plant  any  large  portion  of  the  nest 
crop  of  this  kind  of  tobacco,  although  conuderoble  seed  had  been  saved. 

The  plant  beds  that  were  sown  of  tiiis  seed  in  the  year  1866  were  found  to  contain 
a  much  larger  portion  of  white  plants  Uian  green  ones,  and  a  sufficient  quantity  were 
bansplanted  to  produce  20,000  pounds  of  cured  tobacco.  Two  hogsheads  of  this  pro- 
duction were  shipped  to  the  Cincinnati  market  and  sold  at  a  high  price.  The  pur- 
chaser shipped  the  same  to  the  St.  Louis  Fair  of  1S67  and,  alter  being  awarded  the 
firat  and  second  premuimsfor  cutting  leaf,  sold  it  for  $58  per  hundred. 

The  remainder  of  this  kind  of  tobacco  was  purchaced  by  the  firm  of  which  I  was  a 
member,  and  entered  at  the  Cincinnati  Annual  Tobacco  Fair  of  the  same  year  to 
compete  for  the  best  10  hogsheads  of  any  clan,  and  awarded  the  third  premium,  and 
was  afterwards  sold  for  f34  per  hundred. 

The  record  thus  mode  at  the  several  tobacco  fairs  of  1867  induced  many  of  the 
enterprimng  planters  of  Brown  County,  Ohio,  and  Bracken  County,  Ky.,  to  plant 
largely  of  this  kind  of  tobacco,  and  its  culture  has  been  gradually  increasing  throughout 
tbe  entire  district  used  for  producing  cutting  tobacco  until  the  present  time,  when  it 
would  be  diflicult  to  find  any  person  in  this  large  tobacco  r^on  so  ignorant  of  his 
pecuniary  interest  as  to  plant  any  other  kind. 
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The  chantcter  of  the  soil  tiiat  first  produced  the  White  Burley  is  strong,  bUck, 
cowae  river-hill  land,  and  underlaid  with  bmeetone.  The  growth  of  timber  cut  from 
this  land  waa  principally  sugar,  lin,  buckeye,  aah,  walnut,  hickory,  oak,  and  beech. 
Although  it  is  well  known  to  the  country  dealer  that  much  the  beat  quality  of  White 
Burley  ia  giuwn  on  this  kind  of  land,  experience  haamti^fied  us  tliatanygood,  strong, 
old  or  new  land  thatwillproduceanyotherclaesof  cutting  tobacco  will  produce  thia. 

In  1867  I  gave  this  growth  of  tobacco  the  name  of  White  Burley,  owing  to  its  amili- 
tude  in  size  and  texture  to  the  ordinary  Burley,  and  to  ite  almost  white  color  when 
thoroughly  ripe.    The  cultivation  is  the  same  as  for  any  other  cutting  tobacco. 

As  this  almost  contemporaneous  account  iadicates,  the  new  white 
tobacco  came  first  into  prominence  as  a  superior  type  for  the  manu- 
facture of  fine-cut  chewing  tobacco. 

The  Virginia  type  of  plug,  manufactured  from  the  sweet  air  or  coal 
cured  tobacco  of  Virginia  and  North  Carolina,  had  dominated  the 
trade  in  chewing  tobacco  up  to  the  breaking  out  of  the  Civil  War, 
The  war,  however,  completely  demoralized  this  Virginia  trade.  In 
its  place  fine-cut  chewing  tobacco  made  from  the  Yellow  Pryor  type 
of  leaf  produced  in  the  Mason  County,  Green  River,  and  Missouri 
districts  of  the  West  and  manufactured  extensively  in  Cincinnati, 
Louisville,  and  St.  Louis  became  very  popular,  as  did  also  plug  made 
from  the  Green  River  type  of  leaf.  It  was  milder  than  the  Vii^inia 
product  and  after  the  war  the  trade,  except  locally,  did  not  go  back 
to  the  Vii^nia  fillers.  But  these  new  western  products,  fine  cut  and 
plug  made  from  the  western  Yellow  Pryor  leaf,  in  turn  had  to  give 
way  to  the  new  White  Burley  tobacco. 

The  unusual  suitability  of  the  White  Burley  for  plug  was  not 
generally  recognized,  however,  until  the  later  seventies  of  the  last 
century.  The  regular  filler  stock  of  the  Green  River  type  was  very 
scarce  and  high  in  1875  and  some  of  the  St.  Louis  and  Jersey  City 
factories  tried  in  a  small  way  some  of  the  heavier  red  grades  of 
Burley  not  suited  for  cutting  stock,  which  were  low  in  price  from  lack 
of  demand.  Consumers  liked  the  new  product  and  it  proved  especially 
pleasing  to  manufacturers  because  of  the  lai^o  quantity  of  cheap 
flavoring  liquids  which  it  would  readily  absorb.  Some  of  these  brands 
are  reported  to  contain  as  much  as  40  per  cent  of  flavoring  sauces. 

The  rapidity  of  this  early  development  in  the  popularity  and  pro- 
duction of  Burley  may  be  illustrated  by  comparing  the  production 
of  tobacco  in  Brown,  Adams,  and  Clermont  Counties  in  Ohio  in  1870 
and  1880.  These  three  counties  comprise  the  important  Burley- 
producing  section  of  Ohio.  In  1869  they  produced,  according  to  the 
Census  returns,  4,009,978  pounds  of  tobacco  and  in  1879  this  was 
increased  to  10,823,183  pounds,  or  more  than  250  per  cent.  The 
normal  production  of  Burley  in  these  three  counties,  from  1905  to 
1909,  was  about  13,000,000  pounds  annually. 

The  White  Burley  strain  of  seed  was  also  introduced  into  and  rapidly 
extended  in  the  neighboring  counties  across  the  river  in  Kentucky, 
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and,  owing  to  a  much  greater  area  of  suitable  land,  the  production  of 
White  Burley  in  Kentucky  soon  far  exceeded  in  amount  that  pro- 
duced in  the  Ohio  portion  of  the  Burley  district. 

To-day,  practically  all  of  the  Burley  seed  used  is  of  this  improved 
type.  The  name  Red  Burley  is  frequently  used  to^ay,  but  refers 
more  particularly  to  differences  in  the  cured  leaf  from  the  same  seed. 
Some  leaves  are  redder,  or  more  colory,  than  others,  depending  upon 
the  soil,  season,  or  other  local  conditions,  often  as  they  occur  in  the 
same  field.  This  leads  us  to  the  consideration  of  the  soil  as  a  factor 
of  importance,  as  it  influences  the  color  and  other  desirable  features 
of  Burley  tobacco, 

SPECIAL  SOIL  INPLXJENCES  ON  PEODUCTION. 

White  Burley  tobacco  originated  and  has  had  its  principal  develop- 
ment on  the  phosphatic  limestone  soils  of  central  and  northern  Ken- 
tucky and  southern  Ohio.  They  are  as  a  whole  among  the  richest  in 
mineral  plant  food  materials  and  among  the  most  fertile  aoUs  to  be 
found  anywhere. 

It  is  well  known  that  the  soil  itself  exerts  a  most  important  influ- 
ence on  the  character  of  tobacco,  but  it  is  difficult,  if  not  impossible, 
to  single  out  any  one  soil  factor  as  the  all-important  or  controlling  one 
which  can  be  observed  in  actual  field  results.  It  is  known  that  phos- 
phates in  considerable  available  supply  tend  to  lighten  the  color  of 
v^etation,  but  this  is  not  sufficient  to  account  fully  for  the  peculiar 
chlorosis  of  Burley,  because  some  of  the  brightest  Burley  tobacco  pro- 
duced is  grown  on  soils  where  the  supply  of  phosphorus  is  only  nor- 
mal. The  same  may  be  said  concerning  lime  also.  In  fact  the  finest 
and  brightest  Burley  best  suited  to  high-grade  cutting  purposes  is 
most  likely  to  be  produced  on  freestone  soils  rather  than  on  limestone 
soils.  For  plug  fillers,  however,  which  form  the  lat^est  single  item 
in  the  consumption  of  Burley  tobacco,  the  heavier-bodied  types  pro- 
duced on  the  rich  limestone  soils,  thoi^h  somewhat  darker  in  color, 
are  generally  preferred. 

It  is  true,  therefore,  that  the  soU  exerts  a  dominating  influence  in 
producing  a  Burley  tobacco  of  good  quality,  but  this  seems  to  be  due 
to  a  combination  of  factors  rather  than  to  any  particular  ones  that 
can  be  specified  with  precision.  It  is  of  course  quite  likely  that  the 
special  soil  conditions  had  something  to  do  with  the  original  mutation 
of  the  White  Burley  characteristics.  Any  other  type  of  seed  planted 
on  typical  Burley  soil  will  produce  a  brighter,  more  porous  tobacco 
than  if  planted,  for  example,  on  a  tjipical  heavy,  dark,  export-tobacco 
soil,  but  it  will  be  far  from  equaling  the  product  obtained  from 
Burley  seed  in  this  respect.  Conversely,  the  hereditary  influence  of 
Burley  seed  is  also  most  remarkable.    Even  when  planted  on  a  most 
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unpromising  soil  from  the  standpoint  of  Biirley,  the  characteristic 
cream-colored  stalks  and  midribs  are  always  noticeable.  On  these 
poorly  adapted  soils,  of  course,  the  cured  product  will  not  possess  the 
same  degree  of  excellence  as  on  the  typical  Burley  soils.  A  portion  of 
a  field  of  thrifty  young  Burley  plants  in  the  bluegrass  section  (Fayette 
^ounty,  Ky.),  is  shown  in  %ure  29.  The  peculiar  characteristic 
white  venation  shows  even  in  the  picture.  On  the  less  hilly  portions 
of  the  Burley  district  2-hor8e  machine  setters  are  much  used  in  trans- 
planting the  young  plants  from  the  seed  bed  to  the  field.  Such  a 
machine  is  shown  at  work  in  figure  30.    The  use  of  these  machines  is 


Ho.  2«.— Put  ol  a  aetd  o!  thrifty  young  Burley  tobacco  planii  In  ttie  bluegram  aectlon,  Fayette 
CauDty,  Ey, 

also  common  in  nearly  all  the  cigar-tobacco  districts.  While  the 
prepotent  strength  of  this  inherited  modified  chloropliyll  characteristic 
of  White  Burley  is,  however,  very  remarkable,  yet  it  is  only  on  certain 
soils  that  all  the  points  of  excellence  will  be  present  sufhciently  to 
make  its  production  commercially  successful  under  normal  conditions. 
Friable  mellow  soils  of  a  clayey  or  of  a  silty  nature,  strong  and 
durable  in  natural  fertility,  and  which  have  laid  long  in  grass  are  at 
least  among  the  most  desirable  requisites  for  producing  a  good  grade 
of  Burley  whether  or  not  they  are  exceptionaUy  rich  in  lime  or  phos- 
phates.    Since  1907,  because  of  the  unusual  scarcity  and  consequent 
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high  prices  of  Burley,  due  to  the  efforts  of  the  Burley  TobaCfio  Grow- 
ers' Association  to  restrict  the  supply  and  advance  the  price,  unusual 
efforts  have  been  made  to  introduce  the  production  of  Burley  tobacco 
in  a  large  number  of  new  sections.  These  undertakings,  on  account 
of  the  scarcity  and  high  prices,  have  usually  proved  profitable  to  the 
grower,  but  the  diacrimination  in  prices  as  compared  with  better 
grades  of  Burley  was  in  many  cases  very  marked.  With  normal 
market  conditions  this  low-grade  Burley  produced  on  unsuitable  soils 
in  all  probabOity  would  have  been  still  further  discriminated  against 
to  the  extent  of  rendering  its  production  unprofitable. 

It  is  noteworthy,  however,  that  many  of  these  experimental  crops 
of  Burley  in  untried  sections  proved  much  better  in  quality  than 
expected  and  compared  very  favorably  with  the  product  of  the 
established  Burley  territory,  and  it  seems  quite  possible  that  some 


Tio.  30.— Truuplantlng  and  valerlog  lobacci)  Kedlings  by  machliis,  s  commoD  mtUiod  in  parU  ol 
the  Burley  district  and  iii  nearly  all  Itie  ulgBr>lobac«i  dIstrlcU. 

of  these  new  locations  where  Burley  has  been  introduced  may  develop 
into  permanent  producing  territory. 

In  1909  scattered  crops  of  Burley  were  tried  here  and  there  over 
much  of  piedmont  and  middle  Virginia  and  in  some  parts  of  the 
valley  between  the  Blue  Ridge  and  the  Allegheniea.  So  far  as  could 
be  judged  from  the  results  of  these  experiments,  considerable  good 
Burley  was  grown  on  the  strong,  red,  nonlimestone  soils  in  the 
piedmont  and  on  some  of  the  limestone  soils  of  the  valley.  Most  of 
the  Burley  produced  on  the  gray  soils  of  the  midiUe  and  eastern 
section  of  the  State,  however,  was  of  very  inferior  quality. 
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For  the  purposes  of  this  bulletin  it  will  be  utmecesa&ry  to  dwell 
longer  on  the  soil  requirement  of  White  Burley  or  on  the  results  of 
attempts  to  produce  a  satisfactory  product  in  new  sections.  Figure 
31  shows  a  view  of  a  typical  curing  bam  of  the  better  type  common  in 
the  Burley  district  of  Kentucky  and  elsewhere. 

OENBRAI.   CHARACTERISTHS    AND   fSEFULNESS. 


Burley  tobacco,  like  the  flue-cured,  is  a  modem  type  developed 
since  the  Civil  War.  It  has  also  many  of  the  same  points  of  excellence, 
making  it  well  adapted  to  domestic  manufacture  and  consumption. 
It  is  even  milder  than  flue-cured,  and  since  it  is  an  air-cured  type  it  is 
entirely  free  from  the  odor  or  flavor  of  smoke.     It  runs  to  light  colors 


and  burns  well,  making  it  quite  well  adapted  for  use  in  smoking 
mixtures.  The  size  of  leaf  is  desirable  and  when  grown  on  proper 
soils  is  very  smooth  and  fine  of  fiber. 

In  one  important  respect  Burley  tobacco  is  in  a  class  by  itself 
and  superior  to  any  other  typo,  that  is,  in  its  remarkable  capacity 
for  absorbing  liquid  sweetening  and  flavoring  materials.  From 
the  standpoint  of  the  manufacturer  this  capacity  renders  it  a 
most  economical  tobacco  to  use,  as  these  sauces  are  much  cheaper 
per  pound  than  tobacco  itself,  and  from  the  standpoint  of  the  con- 
sumer who  likes  his  tobacco  highly  flavored  and  sweetened,  it  ia  also 
a  most  desirable  quality.  This  unusual  absorptive  or  "drinking" 
capacity,  as  it  is  often  called,  is  really  the  foundation  of  the  great 
success  of  Burley  tobacco. 
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In  point  of  real  tobacco  quality,  as  pungency,  aroma,  or  fragrance, 
Buriey  is  rather  negatiye  and  weak,  but  as  used  this  weakness  is 
really  another  point  in  its  favor.  This  lack  of  decided  character  of 
its  own,  combined  with  its  great  absorptive  capacity,  makes  it  an 
easy  matter  to  Savor  it  up  artificially  in  almost  any  way  desired. 
Immense  quantities  of  this  heavily  sweetened  western  plug  of  the 
soKsalled  navy  type  is  manufactured  in  the  great  factories  at  St. 
Louis,  Louisville,  and  elsewhere.  Burley  is  also  the  principal  type 
used  in  the  manufacture  of  the  great  array  of  cut-plug  smoking 
tobaccos  and  of  &ie-cut  chewing  tobacco.  It  is  also  useful  for 
granulating  purposes,  and  some  of  the  best  grades  make  the  finest 
cigarette  and  twist  wrappers.  In  recent  years  the  expansion  in  the 
use  of  chewing  tobacco  has  come  nearly  to  a  standstjll.  Very  few 
yoimg  men  become  chewers.  They  smoke  instead.  Among  pipe 
tobaccos  those  of  the  cut-plug  type,  made  principally  from  Burley, 
are  increasing  very  rapidly  in  popularity  and  use. 


The  development  in  use  of  Burley  tobacco  for  domestic  consump- 
tion since  the  Civil  War  has  been  astonishing  and  has  far  outstripped 
its  closest  rival,  the  flue-cured  type,  in  this  respect  among  the  manu- 
facturing types  of  tobacco.  Nevertheless,  it  has  not  attained  any 
importance  as  an  expori^  type,  and  in  this  regard  has  been  far  out- 
stripped by  the  flue-cured  type. 

This  lack  of  progress  as  an  export  type  is  quite  clearly  due  to  two 
or  three  easily  discernible  factors.  Foreigners  as  a  whole  chew 
tobacco  but  little,  and  furthermore  the  laws  of  our  most  important 
foreign  customer.  Great  Britain,  do  not  permit  of  the  use  of  any  form 
of  sweetening  or  flavoring  in  manufactured  tobacco  products.  This, 
of  course,  largely  negatives  the  specific  usefulness  that  Burley  might 
have  to  make  it  particularly  valuable  there.  Finally,  the  price  of 
Buriey,  due  to  a  strong,  more  or  less  constant  domestic  demand,  has 
been  in  recent  years  unfavorable  to  its  purchase  by  foreign  countries. 
In  the  early  nineties  of  the  last  century,  however,  when  prices  were 
very  low,  Burley  waa  exported  quite  extensively,  particularly  to 
Germany,  Belgium,  and  France.  Exports  of  this  type  would  doubt- 
less again  increase  should  prices  drop  to  a  low  figure  for  any  consider- 
able length  of  time.  The  foreign  demand  for  Burley  is  mostly  for 
the  low  grades  usually  designated  as  common  red  smokers.  Under 
conditions  as  they  are,  however,  the  quajitity  of  Burley  tobacco 
annually  exported  is  small  and  probably  does  not  exceed  5  per  cent 
of  the  crop. 
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OBADBS  AND  PB1CE8. 

Burlej  tobacco  possesses  very  little  gum  or  oil,  is  comparatiTely 
low  in  nicotine,  is  of  light  color  and  body,  and  ia  rather  dry  and  luster- 
less  in  appearance. 

The  small  proportion  of  the  fine  grades  suitable  for  wrappers  for 
cigarettes  and  twist  are  of  very  fine  fiber,  of  clear,  uniform,  solid 
color,  very  soft  and  smooth  in  texture,  and,  of  co'irse,  free  from  holes, 
raggedness,  or  other  mutilation.  The  supply  of  these  grades  in  a 
crop  is  always  small,  and  they  can  only  be  picked  up  here  and  there  in 
small  lots.  The  demand,  of  course,  is  comparatively  small  also,  but 
these  grades  usually  bring  20  cents  or  more  a  pound.  Freshly 
deared  hillside  land  of  a  loose,  porous  nature  is  most  likely  to  pro- 
duce these  finer  grades.  Mason  County,  Ky.,  has  long  had  the  reputa- 
tion of  producing  a  considerable  portion  of  this  high-grade  wrapper 
leaf.  Among  the  newer  sections  the  hill  lands  of  the  West  Virginia 
Burley  district  produce  a  fine  grade  of  leaf,  much  of  which  is  useful 
for  wrapper  purposes.  The  grades  adapted  for  cutting  purposes 
require  good,  bright,  clean  stock  of  reasonably  fine  texture.  The 
use  of  these  grades  for  manufacturing  the  great  number  of  popular 
brands  of  plug-cut  smoking  tobacco  and  also  for  fine-cut  chewing 
tobacco,  which  requires  some  very  fine,  bright  leaf,  makes  the  demand 
for  them  quite  large.  The  cut-plug  stock  is  usually  obtained  from 
the  grades  known  as  bright  lugs  and  trash  from  near  the  bottom  of 
the  plant. 

The  greatest  quantity  of  Burley  is,  of  course,  used  for  plug  filler 
of  the  heavily  sweetened  typo.  For  this  purpose  the  most  important 
requisite  is  porosity,  in  order  that  it  may  absorb  and  retain  the  laige 
amount  of  sauces  used  in  its  manufacture.  Color  is  not  of  so  much 
importance,  as  it  is  lost  in  manufacture,  but  the  leaf  should  be  sound 
and  of  good  body  and  substance.  This  tj'pe  of  leaf  ia  produced  in 
large  quantities  on  the  rich,  level,  bluegrass  fields  of  central  Kentucky. 

When  Burley  was  first  extended  to  these  rich  bluegrass  fields  it 
was  thought  the  leaf  would  be  too  coarse  and  dark.  The  expedient 
of  closer  planting  and  higher  topping,  however,  corrected  much  of  this 
tendency,  and  it  is  the  general  custom  to  set  7,000  to  8,000  plants  to 
the  acre  on  the  best  bluegrass  soOs  and  about  5,000  or  6,000  to  the 
acre  on  the  hill  lands. 

The  lower  ground  loaves  or  flyings  of  flimsy  texture  are  used  largely 
for  granulating  purposes  in  smoking  mixtures  and  for  export. 

The  average  selling  price  of  Burlpy  tobacco  from  first  hands  has 
been  subject  to  extreme  fluctuations.  In  1893  and  1894  prices  were 
very  low,  averaging  about  4  to  6  cents  a  pound.  The  general 
average  through  a  long  period  of  years,  however,  has  probably  been 
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from  8  to  9  cents  a  pound,  although  of  couree  individual  crops  might 
seil  very  much  above  or  below  the  average  for  the  time,  according  to 
the  quality  of  the  crop  as  placed  on  the  market. 

Burley  tobacco  is  subdivided  into  a  great  array  of  grades  or  classes, 
varying  according  to  the  influence  of  soil,  season,  and  the  skill  of  the 
individual  grower.  But  only  about  six  fundamental  grades  are  genei^ 
ally  recognized,  as  they  naturally  occur  in  any  crop  or,  in  fact,  upon 
a  single  plant.  Each  plant  will  usually  give  from  two  to  four  leavee 
of  each  of  the  following  grades,  beginningat  the  top  of  the  plant:  Green 
or  red  tips,  red  leaf,  bright  leaf,  lugs,  and  trash.  At  the  very  bottom 
there  are  generally  one  or  two  small  trashy  leaves  called  flyings. 
On  some  plants  or  in  some  crops  naturally  the  so-cafled  bright 
leaf  may  be  darker  than  the  so-called  red  leaf  from  another  plant 
or  crop,  and  vice  versa,  but  the  character  of  the  leaf  for  a  given  plant 
usually  varies  in  grade  according  to  the  rule  stated.  In  addition  to 
these  grades  defective  grades  are  usually  sorted  out  and  classed  as 
worm  eaten,  house  burned,  etc. 

After  the  tobacco  is  placed  on  the  market  this  plan  of  grading  ia 
lost  sight  of  very  largely,  although  the  names  of  the  grades  them- 
selves are  retained  and  leaf,  trash,  or  lugs,  etc.,  will  be  dark  red, 
bright  red,  or  colory,  according  to  a  standard  existing  in  the  minds  of 
the  members  of  the  tobacco  trade. 

The  prices  set  by  the  Burley  growers  of  Kentucky  in  1904  in  their 
efforts  to  obtain  better  returas  from  their  crops  are  of  interest  in 
throwing  light  on  the  comparative  value  of  the  different  grades  into 
which  Burley  is  naturally  assorted  by  the  farmer. 

The  schedule  of  prices  proposed  was  for  loose  tobacco  assorted  and 
tied  into  hands,  delivered  in  soft  winter  order.  When  redried  and 
delivered  in  keeping  order  the  prices  were  to  be  15  per  cent  higher. 
The  schedule  is  shown  in  Table  XIX. 


c,^.. 

like  ppr  100  pounds. 

nradol.  lnr»flo2. 

■  0                 t7 

I         1 

Orad 

a. 

PiTtan 

id  ftaioy  Inaf  tnrn  t2 


„Googlc 


80  EXPORT  AND  MANUFACTUBINO  TOBACCOS. 

A  number  of  factors  must  of  course  be  considered  to  determine  the 
grade  of  the  same  class  of  leaf  as  fineness,  brightness,  size  of  leaf,  body, 
etc.,  and  at  best  they  serve  only  as  approximations.  Figure  32  shows 
samples  of  several  grades  of  Burley  leaf,  varying  in  quality  from  poor 
to  fine. 

The  most  important  markets  for  the  sale  of  Burley  tobacco  are 
Cincinnati,  Ohio,  and  Louisville  and  Lexington,  Ky.  A  considerable 
proportion  of  the  tobacco  that  goes  to  the  Louisville  and  Cincinnati 


Fia.  32.— Burlejr  tobacco,  flyer, cokiTy  iBal.and  red-plug  filler.    (Fbougrapbed  by  the  Bureau  ol  Soils.) 

markets,  however,  is  not  first-hand  farmers'  tobacco,  but  is  leaf  that 
had  been  bought  up  by  speculators  and  dealers  in  the  country  and 
then  shipped  to  these  markets  for  sale. 

FLUCTUATIONS    IN    PRODUCTION. 

From  1907  to  the  fall  of  1910  the  price  of  Burley  has  been  very 
high  because  of  the  artificial  condition  created  by  the  gniwers'  selling 
oi^anizations  in  their  efforts  to  restrict  the  supply  and  elevate  the 
prices.  In  consequence  the  price  average  has  been  more  than  12 
cents  a  pound  during  most  of  tliis  period. 

With  tobacco,  aa  with  almost  every  other  agricultural  product  in 
which  the  available  acreage  is  not  naturally  restricted,  tht-re  is  an 
approximate  price  at  which  the  acreage  and  production  will  naturally 
tend  to  expand  rapidly  and  another  at  which  it  will  tend  to  decrease. 
&o  inany  factors  are  at  work  that  it  is,  of  course,  impossible  to  assign 
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any  exact  limits  of  price  at  which  either  of  these  phenomeaa  would 
become  operative,  but  it  is  usually  possible  to  do  so  approximately 
under  given  conditions.  Certainly  at  a  price  near  or  below  cost  the 
production  should  automatically  begin  to  diminish  and  at  a  price 
high  enough  to  return  a  greater  profit  than  other  available  producta 
the  acreage  and  production  should  automatically  tend  to  increase. 

In  the  case  of  Burley  tobacco  there  is  nothing  to  indicate  any  scai^ 
city  of  soil  adapted  to  its  cultivation.  Under  existing  natural  con- 
ditioQs  the  writer  believes  that  the  production  of  Burley  should  tend 
automatically  to  expand  at  a  general  price  level  of  about  10  cents  a 
pound,  and  it  would  probably  tend  to  decrease  should  it  get  down  to 
8  cents  or  below  fur  any  considerable  length  of  time. 

DISTRIBUTION    IN    USE, 

As  it  passes  finally  into  consumption  the  distribution  in  use  of 
Burley  tobacco  on  a  farm-weight  basis  is  estimated  to  be  about  as 
shown  in  Table  XX. 

Table  XX. — Estimated  approximaU  dutribuHon  in  me  of  Barley  tchaeco. 


PI     ffller 

'  100  000 

Lojg..L«noWng 

'5.000, 

FlDKut  chowlng 

Scrap  chewing  tobacco 

.:::::.;:;  5,000, 

The  great  bulk  of  the  plug  filler  stock  mentioned  in  Table  XX  is 
used  in  the  manufacture  of  plug  tobacco  of  the  heavily  sweetened 
type.  Considerable  of  the  best  Burley  ia  used  in  the  manufacture 
of  some  of  the  western  so-called  natural-leaf  types  of  flat  plug. 

DISTRIBUTION    OP    ACREAGE. 

The  great  bulk  of  Burley  tobacco  ia  grown  in  Kentucky,  in  the 
central  and  northern  portions  of  the  State,  Table  XXI  shows  the 
estimated  distribution  of  its  growth  in  Kentucky,  Ohio,  and  Indiana. 

The  tobacco  grown  in  West  Vii^nia  is  practically  all  Burley, 
Rehable  estimates  of  the  quantity  produced  are  very  difficult  to 
obtain.  Estimates  by  men  in  touch  with  the  situation  range  from 
5,000  000  to  1.5  000  000  pounds,  produced  mostly  in  Cabell  Putnam, 
Lincoln,  and  Kanawha  Counties,  south  of  the  Kanawha  River, 
45801°— Bull.  244—12 6 
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Local  buyers  are  stationed  at  various  points  in  the  producing 
territory.  The  principal  shipping  points  are  Hurricane,  St.  Albans, 
and  Milton.  For  the  sale  of  the  1910  crop  a  loose-leaf  auction  ware- 
house market  was  established  at  Huntington,  W.  Va.  West  Virginia 
Burley  for  the  most  part  had  previously  found  its  way  finally  to  the 
Cincinnati  or  to  the  Richmond  market.  In  quality  West  Virginia 
Burley  is  £ne  and  smooth  and  produces  some  fine  twist  and  cigarette 
wrappers  and  good  cutting  leaf.  The  yield,  however,  is  rather  small, 
the  lay  of  the  land  being  hilly  and  the  soil  rather  thin  and  not  highly 
improved  as  a  rule. 

1  Kentacky,  Ohio,  and 


Kentucky: 
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Missouri,  principally  in  Platte  and  Clay  Counties,  has  recently 
been  coming  to  the  front  as  a  producer  of  a  very  good  grade  of  Burley. 
The  annual  production  is  uncertain,  but  it  is  estimated  at  upward  of 
3,000,000  pounds  for  the  three  years  preceding  1910  and  is  probably 
8,000,000  to  10,000,000  pounds  for  1910.  Up  to  about  1880  Missouri 
had  produced  almost  entirely  dark  tobacco  of  the  Yellow  Pryor  type. 
Some  was  fire  cured  or  coal  cured,  but  the  larger  part  was  air  cured. 
The  longer,  coarse  tobacco,  constituting  the  bulk  of  the  Missouri 
crop  in  the  ohl  days,  went  principally  to  England  and  Ireland,  The 
finer,  lighter  bodied  tobacco  produced  on  the  hills  and  Missouri  River 
bluffs  was  used  lai^ly  in  domestic  manufacturing.     The  principal 
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production  was  in  the  counties  along  the  Missouri  Rirer,  mostly  on 
the  north  side.  Chariton,  Randolph,  Howard,  and  Boone  Counties 
were  the  heaviest  producers.  In  1876  Chariton  County  alone  pro- 
duced 14,000,000  pounds  of  tobacco. 

During  the  eighties  much  of  the  acre^e  shifted  to  Burley  or 
owing  to  low  prices  and  greater  interest  in  other  crops  dropped  out 
altogether,  until  the  production  of  all  the  dark  tobacco  and  nearly 
all  t^e  Burley  had  ceased  altogether  in  the  early  years  of  the  present 
century.  About  1897,  however,  a  Kentuckian  named  Turner,  resid- 
ing in  Platte  County,  Mo.,  chanced  to  think  that  Burley  would  grow 
successfully  in  that  section.  A  trial  crop  was  raised  near  Weston 
with  reasonable  success  and  a  number  of  other  farmers,  assisted 
principally  by  renters  from  Kentucky,  began  to  plant  small  crops. 
The  soil  in  that  section  is  of  limestone  origin,  is  very  rich  and  pro- 
ductive, and  the  land  is  somewhat  rolling  and  impresses  one  as 
favorable  for  Burley  tobacco.  Up  to  1907  the  crop  near  Weston 
amounted  to  about  a  half  million  pounds  of  tobacco  yearly.  With 
the  cutting  out  of  the  1908  crop  of  Burley  in  Kentucky,  however, 
there  was  a  considerable  immigration  of  renters  to  the  Weston 
neighborhood.  The  production  expanded  very  rapidly  and  the 
1910  crop  of  Burley  near  Weston  and  at  local  centers  in  adjoining 
counties  amounted  probably  to  3,000,000  or  4,000,000  pounds.  The 
older  Missouri  tobacco  district,  particularly  in  Chariton  and  Carroll 
Countjes,  has  also  greatly  increased  its  production  of  Burley  since 
1907,  probably  to  over  3,000,000  pounds  in  1910,  which,  together 
with  a  scattered  acreage  in  other  parts  of  the  State,  means  probably 
from  8,000,000  to  10,000,000  pounds  of  Burley  tobacco  produced 
in  Missouri  in  1910.  The  general  character  of  the  country  about 
WestOD,  however,  would  seem  to  indicate  that  that  section  has  the 
best  chance  to  maintain  its  position  as  a  tobacco  country  through 
periods  of  low  as  well  as  lv(gh  prices. 

A  scattered  acreage  of  Burley,  quit«  large  in  the  aggregate,  is 
grown  in  a  number  of  States,  the  most  important  being  where  the 
production  has  spread  over  into  the  adjoining  One-Sucker  and  Green 
River  districts  of  Kentucky  and  in  Indiana.  The  scattered  production 
is  ^Bo  considerable  in  the  Greenville  and  upper  Cumberland  sections 
of  Tennessee  and  in  the  Piedmont  and  v^ey  section  of  Virginia. 
This  scattered  production  is  hard  to  estimate  with  any  degree  of 
accuracy,  but  if  it  were  all  tabulated  it  is  believed  that  it  would 
amount  to  at  least  6,000,000  pounds. 

Table  XXII  shows  an  estimate  of  the  total  average  production  of 
Burley  for  the  country  by  States, 
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Table  XXll.—EiHmaUd  total  average  annual  production  of  Burley  tobacco  in  the 

Blalffi. 

PouDds. 

S(at«. 

PoUDdl. 

170,000,009 
18.000.000 
8,000,000 
8.000,000 

s,ooo,ooo 

•,000.000 

Total  Burtay  crop  of  tSe  Unliad 

This  estimate  of  the  production  of  Burley  tobacco  wiU  manifestly 
not  tally  very  closely  with  the  actual  or  estimated  production  of 
Burley  in  any  one  of  the  last  few  years.  As  is  well  known,  conditions 
themselves  have  been  far  from  normal  in  the  Burley  territory.     In 

1908,  under  the  influence  of  the  Burley  Tobacco  Growers'  Association, 
the  planting  of  tobacco  in  much  of  the  best  Burley  territory  in 
Kentucky  was  entirely  omitted.  The  Department  of  Agriculture 
estimated  the  total  production  of  Burley  in  that  year  at  35,000,000 
pounds.  That  was  the  first  year  that  the  department  made  esti- 
mates of  total  production  by  types,  but  unofficial  estimates  from 
reliable  trade  sources  had  gener^y  given  the  Burley  crop  for  the  few 
years  preceding  at  from  175,000,000  to  200,000,000  pounds  per 
annum.  In  1909  the  department  estimated  the  Burley  crop  at 
244,800,000  pounds  and  unofficial  trade  estimates  generally  put  it 
from  250,000,000  to  300,000,000  pounds.  In  1910  the  planting  of 
Burley  was  estimated  by  the  Department  at  15  per  cent  more  than  in 

1909.  These  two  unusually  large  crops  were  manifestly  abnormal 
and  the  result  of  abnormal  trade  conditions  consequent  upon  the 
elimination  of  the  1908  crop. 

Mr.  T.  M.  Carrington,  of  Eichmond,  Va.,  in  his  annual  pre^dentlal 
address  before  The  Tobacco  Association  of  the  United  States,  at 
the  tenth  annual  convention,  July  2,  1910,  stated  that  the  estimated 
normal  consumption  of  Burley  tobacco  was  around  200,000,000 
pounds  per  annum,  which  is  probably  not  far  from  correct.  In 
this  light  it  is  evident  that  the  production  of  Burley  can  not  perma- 
nently remain  at  an  average  near  250,000,000  or  300,000,000  pounds 
per  annum  until  consumption  has  materially  increased. 

The  estimates  submitted  in  this  bulletin,  therefore,  are  not  intended 
to  represent  any  single  crop  of  recent  years  nor  to  reflect  the  abnormal 
production  of  1909  and  1910,  but  the  effort  has  been  made  to  repre- 
sent about  a  normal  production.  It  must  be  said,  however,  that  but 
for  the  abnormal  conditions  the  production  of  Burley  in  such  new 
sections  as  Missouri,  Tennessee,  and  Vii^lnia  would  have  been 
much  less  even  than  estimated  above,  or  perhaps  in  many  cases 
there  would  have  been  no  production. 

A  study  of  the  map  of  Kentucky  in  connection  with  the  yield 
of  tobacco,  as  given  ia  Table  XXI,  wiU  show  a  tier  of  counties  in 
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the  western  portion  of  the  Burley  district  where  the  production  is 
comparatively  small.  This  section,  including  the  western  part  of 
BulUtt,  Meade,  Hardin,  and  Larue  Counties,  represents  a  transition 
in  type  of  soil  from  the  typical  phosphatic  limestone  section  of 
the  Burley  district  on  the  east  to  the  dark-tobacco  section  on  the 
west.  As  such  it  is  quite  an  interesting  feature.  Until  recently 
thLs  section  produced  very  little  tobacco  of  any  kind,  but  since 
1907  production  has  spread  rapidly. 

The  territory  included  in  the  principal  Burley  districts  is  shown 
on  the  map  (PL  11,  in  pocket). 

OBBEH  RIVER  TOBACCO. 

GENERAL   CHARACTERISTICS. 

Westward  from  the  Burley  district  in  Kentucky  lies  a  transition 
territory  which  produces  only  small  quantities  of  tobacco.     Farther 


F:o.  33.— Typical  Velio"'  Pryor  loburco  fIbdI.  a  favorite  darlc  type  (^ommoaly  grown  in  Iha  are«Q 
River  district  ol  Keotiicky, 

west  is  the  Green  River  district,  where  tlic  type  of  tobacco  grown 
ia  air  cured  like  Burley,  but  tlie  general  cliaracter  of  the  seed  used, 
methods  of  cultivation,  etc.,  are  almost  the  same  as  in  the  dark- 
fired  district  covering  tlie  remainder  of  western  Kentucky.     Figure 
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33  shows  a  typical  plant  of  the  Yellow  Piyor  type  commonly  grown 
in  the  Green  River  district. 

PRODUCTION  AND  DISTEIBDTION   IN   USE. 

The  tobacco  produced  in  the  Green  River  district  is  not  quite  a 
typical  manufacturing  tobacco,  nor  yet  is  it  an  export  type.  It  is 
classed  as  a  dark  tobacco  and  resembles  in  size  of  leaf  and  general 
appearance  the  product  of  the  dark-fired  district  adjoining  on  the 
west,  except  that,  being  air  cured,  it  is  free  from  the  odor  and  flavor 
of  smoke  and  is  more  acceptable  for  domestic  manufacture  and 
consumption.  Of  the  total  production  of  Green  Kiver  tobacco, 
which  is  about  35,000,000  pounds  annually,  it  is  estimated  that 
about  two-thirds  is  used  in  domestic  consumption  and  one-third  is 
exported,  nearly  all  going  to  Great  Britain.  The  portion  consumed 
at  home  is  used  principally  in  the  manufacture  of  long-cut  smoking 
tobacco.  Some  of  the  finer  grades  are  also  used  to  some  extent  in 
the  manufacture  of  fine-cut  chewing  tobacco. 

OBADES    AND   PBICBS. 

Farmers  generally  make  about  three  grades  of  the  tobacco  as 
they  sort  out  the  crop  in  preparation  for  market,  classed  as  leaf, 
lugs,  and  trash.  The  average  farm  price  of  Green  River  tobacco 
is  generally  about  5  or  6  cents  a  pound.  In  1903  and  1904  it  averaged 
but  little  above  4  cents  a  pound.  From  1907  to  1909,  under  the 
general  influence  of  the  efforts  of  the  seUing  oi^anization  to  enhanoe 
the  price  of  nearly  all  of  the  export  and  manufacturing  types  of 
tobacco,  it  averaged  from  7  to  8  cents. 

The  principal  market  point  for  the  district  is  Owensboro,  where 
are  ^tuated  extensive  leaf  plants  for  handling  the  tobacco  in  prepar 
ration  for  the  home  trade  or  for  export.  Other  important  local 
receiving  points  for  the  district  are  HawesviUe,  Livermore,  Hartford, 
Fordville,  and  Hardinsburg.  A  considerable  portion  of  the  Green 
River  crop  is  also  marketed  through  Louisville,  principally  at  private 
sale,  by  sworn  sample  after  inspection. 

DISTRIBUTION  OF   ACREAGE. 

The  production  of  the  Green  River  type  of  tobacco  is  confined 
almost  entirely  to  five  counties  of  Kentucky.  An  estimate  of  the 
total  production  is  shown  in  Table  XXIII. 
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It  will  be  noted  that  Daviess  County  produces  nearly  half  of  the 
entire  quantity  produced  in  the  Green  River  district. 

The  map  (PI.  11,  in  pocket)  shows  in  outline  the  territory  included 
in  the  Green  River  division  of  the  dark  air-cured  districts. 

ONE-SUOKSB  TYPES  OF  TOBACCO. 

GENERAL   CHARACTERISTICS    AND   UBEFfLKEBS. 

Like  the  tobacco  of  the  Green  River  district,  the  One-Sucker  type 
is  classified  as  dark  tobacco  and  like  both  the  Burley  and  the  Green 
River  types  it  is  cured  without  recourse  to  artificial  heat,  that  i.-j,  it  is 
an  air-cured  type.  It  is  therefore  adapted  for  use  in  domestic  manu- 
facture and  consumption,  but  like  the  Green  River  type  it  is  also  to  a 
considerable  extent  exported. 

The  type  derives  its  name  because  the  variety  principally  grown  in 
the  One-Sucker  districts  is  known  as  One-Sucker  tobacco  from  its 
habit  of  throwing  out  suckers  somewhat  less  freely,  perhaps,  at  the 
axils  of  the  leaves  after  being  topped  than  do  most  other  kinds  of 
tobacco.  It  is  a  narrow-leaved  sort  with  very  heavy  midribs.  The 
veins  make  a  very  acute  angle  with  the  midrib.  On  rich  land  it  makes 
a  very  long,  heavy  leaf  that  is  well  suited  for  the  "rehandling"  export, 
trade,  principaUy  to  the  west  coast  of  Africa.  Figure  34  shows  a 
characteristic  plant  of  the  One-Sucker  type. 

SUBDIVISIONS    OF  THE    ONE-SUCKER    DISTRICTS. 


The  Green  River  district  proper,  as  considered  above,  covers  only 
about  half  of  the  north  and  south  buffer  area  between  the  Burley  dis- 
trict and  the  dark-fired  district.  The  southern  portion  of  this  terri- 
tory is  occupied  by  what  is  known  to  the  tobacco  trade  as  the  south- 
em  Kentucky  and  upper  Cumberland  section  of  the  One-Sucker 
district. 

The  northern  part  of  this  One-Sucker  section  in  Kentucky  is  some- 
times designated  as  the  "upper"  Green  River  district  in  contradis- 
tinction from  the  (lower)  Green  River  district  proper. 

The  southern  part  of  this  district,  along  the  headwaters  of  the 
Cumberland  River  in  Tennessee  and  Kentucky,  produces  a  bri<i;hter 
type  of  leaf  than  does  the  northern  part  of  tlie  district.  Some  of  tliis 
upper  Cumberland  section  produces  a  type  of  leaf  hardly  distinguish- 
able at  first  glance  from  Burley.  The  country  is  very  hilly  and  the 
tobacco  is  grown  to  a  considerable  extent  on  steep  hillsides  which, 
however,  from  the  open,  porous  nature  of  the  soil  are  not  greatly 
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subject  to  washing.  Outcroppings  of  limestone  are  common  and  Bur- 
ley  is  planted  to  a  considerable  extent  here  and  there  all  through  the 
upper  Cumberland  portion  of  the  district. 

Warren  and  Barren  Counties  in  Kentucky  are  the  largest  producers 
of  this  southern  Kentucky  type.  The  principal  receiving  and  ship- 
ping points  in  Kentucky  are  Bowling  Green,  Glasgow,  and  Scottsville. 
In  Tennessee,  Smith  and  Macon  Counties  lead  in  production  andHarts- 


ville  and  Carthage  are  the  important  shipping  points.  In  Kentucky 
the  best  quality  of  One-Sucker  tobacco,  that  is  the  finest,  largest,  and 
richest  leaf,  is  produced  in  tlie  western  portion  of  Warren  County,  the 
eastern  and  southern  part  of  Barren  County,  and  the  northern  part  of 
Allen  County.  The  production  is  also  much  the  most  concentrated 
in  tliis  section  and  produces  at  least  50  per  cent  of  the  total  One- 
Sucker  crop  in  Kentucky. 
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In  Tennessee,  production  is  most  concentrated  in  the  northern  part 
of  Smith  County,  where  much  long  tobacco  particularly  suited  to  the 
rehandling  export  trade  is  produced,  and  also  in  Macon  County,  where 
tobacco  somewhat  shorter  but  with  good  body  and  texture  is  produced, 
suitable  for  domestic  manufacturing  purposes. 

THE  ONE-SUCKEft  TYPB  IN  SOUTHERN  INDIANA. 

Across  the  Ohio  River  about  opposite  Daviess  County  in  Kentucky 
there  is  a  section  in  southern  Indiana  that  also  produces  annually 
some  5,000,000  or  6,000,000  pounds  of  tobacco  of  the  One-Sucker 
type.  The  leaf,  however,  is  perhaps  somewhat  larger  and  coarser 
than  it  is  in  Kentucky  and  Tennessee.  Formerly  this  district  was 
much  more  extensive  than  at  present  and  the  tobacco  produced  was 
marketed  principally  at  Evansville. 

In  the  seventies  and  early  eighties  of  the  last  century  the  maximum 
of  production  was  reached  in  this  southern  Indiana  section,  aft«r 
which  it  almost  ceased  in  t}ie  early  nineties.  It  was  taken  up  again 
in  a  small  way  in  the  late  nineties,  however,  and  in  the  last  few  years, 
owing  to  high  prices,  has  expanded  probably  to  some  6,000,000  or 
8,000,000  pounds  in  1910.  The  heaviest  producing  center  is  the 
southwestern  part  of  Spencer  County.  Tlie  soil  is  fertile  and  the 
tobacco  produced  is  rather  coarse  but  long  and  well  suited  to  the 
rehandling  export  trade.  The  principal  receiving  and  shipping  points 
of  the  southern  Indiana  portion  of  the  One-Sucker  territory  are  Rock- 
port,  Booneville,  and  Dale. 

PHODUCTIOX    AND    DISTRIBUTION    OF    ACREAQE. 

The  entire  production  of  One-Sucker  tobacco  in  the  southern  Ken- 
tucky, upper  Cumberland,  and  southern  Indiana  districts  is  quite 
variable,  tending  to  expand  rapidly  with  good  prices  and  to  shrink 
when  they  are  low.  A  fair  average  for  recent  years,  however,  is  prob- 
ably about  30,000,000  pounds  per  annum,  of  which  about  18,000,000 
pounds  is  produced  in  Kentucky,  7,000,000  pounds  in  Tenne.ssee,  and 
5,000,000  pounds  in  southern  Indiana.  Under  the  somewhat  artificial 
condition  of  very  recent  years  the  combined  production  of  the  One- 
Sucker  types  of  tobacco  in  these  districts  has  run  probably  nearer 
35,000,000  pounds  tlian  30,000,000. 

The  production  in  the  One-Sucker  districts  of  Kentucky,  Ten- 
nessee, and  Indiana  is  shown  in  Table  XXIV. 
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GRADES    AND   PRICES. 

Growers  in  the  One-Sucker  districts  assort  the  crop  generally  into 
about  three  grades,  leaf,  lugs,  and  trash,  which  they  have  been  selling 
at  an  average  of  about  6  to  7  cents  a  pound  in  recent  years.  In 
1904,  however,  and  for  some  years  previous  to  that  time  only  about 
4  or  5  cents  a  pound  was  obtained  on  the  average. 

DISTRIBUTION    IN    USE. 

The  one  standanl  domestic  use  of  the  One-Sucker  type  of  tobacco 
is  in  the  manufacture  of  twist,  for  which  its  touglmess  and  medium 
strong  flavor  and  body  render  it  particularly  adaptable.  A  lai^e  por- 
tion of  the  medium-sized,  finer  textured,  leaf  of  this  district  ia  used 
for  twist  purposes.  It  is  particularly  adapted  for  this  purpose  in 
that  it  has  the  requircti  toughuesa  of  leaf  and  is  generally  of  medium 
body  and  strength.  It  is  about  midway  between  the  light,  rather 
characterless  Burley  and  the  very  strong  heavy  types  grown  farther 
west  in  the  Clarksville  and  Paducah  districts. 

The  standard  and  most  important  export  demand  of  the  One- 
Sucker  type  of  tobacco  is  for  rehandling  purposes  in  preparation  for 
shipment  to  Africa,  the  West  Indies,  and  a  number  of  the  Spanish- 
American  countries  of  Central  America  and  South  America.  In  this 
trade,  as  finally  utUized,  much  of  the  tobacco  is  retailed  in  the  leaf. 
Length  is  one  of  the  prime  attributes  for  this  class  of  trade,  and 
since  it  is  not  stemmed  the  manufacturer  experiences  no  loss  from 
the  large  proportion  of  stem.  For  this  purpose  the  leaf  should  be 
from  25  to  30  inches  long,  and  the  longer  it  is  the  better  price  it  will 
usually  bring.  This  rehandHng  consists  in  artificially  enriching  the 
leaf  by  treating  it  with  various  materials  such  as  ^ycerin  or  vaselin 
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and  in  blackening  it  by  steaming  and  subjecting  it  to  very  heavy 
pressure  in  prizing.  The  treated  tobacco  is  packed  in  tiercea,  boxes, 
or  bales  of  various  shapes  and  sizes  convenient  for  transportation, 
often  some  distance  inland,  by  animal  power.  A  number  of  lai^ 
plants  for  rehandling  tobacco  of  the  type  just  described,  probably 
representing  some  80  per  cent  of  the  total  business  of  this  class  in  the 
country,  are  located  in  Louisville. 

The  manufacture  of  domestic  twist  and  the  rehandling  or  export 
trade  probably  absorb  about  two-thirda  or  20,000,000  pounds  of 
this  One-Sucker  type  of  tobacco  annually.  The  other  10,000,000 
pounds  is  uncertainly  divided  among  a  number  of  miscellaneous 
domestic  and  export  demands  very  difficult  to  classify  accurately. 
An  approximate  estimate  of  the  distribution  in  use  of  the  One- 
Sucker  type  is  presented  in  Table  XXV. 

Table  XXV.— Srtinwted  distribution  in  ute  of  the  OntSucktr  type  oj  lobaeeo. 


Vk. 

Pounds. 

Use. 

Poundj. 

"■¥»' 

8.000,000 

Export: 

. 

' 

A  large  portion  of  the  dark  tobacco  sold  in  Louisville  is  of  the 
One-Sucker  type  from  this  district,  shipped  in  mostly  by  country 
dealers  and  speculators.  The  areas  covered  by  the  subdivisions  of 
the  One-Sucker  air-cured  type  are  shown  on  the  map  (PI,  II,  in 
pocket). 

VntGINIA  "  eTra-CTTBBD  "  TOBACCO. 

Several  of  the  counties  of  middle  Virginia  just  north  of  the  James 
River  produce  a  t^-pe  of  tobacco  known  to  the  trade  as  "Sun-Cured," 
which  is  probably  in  the  nature  of  a  development  from  tobacco  grow- 
ing as  it  was  practiced  in  the  early  days  in  the  York  and  Rappahan- 
nock River  sections  of  the  State. 

UETHOD  OF  CXTRINO  AND  GENERAL   CEARACTEBISTICS. 

The  name  "Sun-Cured"  as  now  applied  to  the  type  as  a  whole 
ia  really  a  misnomer  so  far  as  indicating  any  special  method  of  sun 
curing  is  concerned.  In  the  typical  sun-cured  product  the  tobacco 
is  scaffolded  in  the  open  air  or  sun  near  the  curing  barn  and  is  allowed 
to  remain  on  the  scaffold  crowded  rather  closely  together  for  five  or 
six  days  mitil  thoroughly  yellowed.  The  sticks  of  tobacco  are  then 
spread  apart  somewhat  so  that  the  air  may  pass  between  the  plants 
in  order  to  prevent  damage  to  the  lug  leaves  from  sweating,  and  the 
tobacco  is  then  allowed  to  remain  on  the  scaffold  three  or  four  days 
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more  until  well  under  way  in  the  curing  process.  It  is  then  placed 
in  the  bam  and  the  curing  process  finished  as  with  any  wr-oured 
tobacco.  This  exposure  to  the  sun  is  thought  to  sweeten  and  im- 
prove its  flavor  for  chewing  purposes.  As  a  matter  of  fact,  how- 
ever, owing  largely  to  the  increased  cost  of  labor  and  greater  expense 
in  handling,  the  tj'pical  sun-curing  process  is  now  but  little  practiced 
and  tobacco  in  the  Sun-Cured  district  is,  for  the  most  part,  just 
an  air-cured  tobacco,  as  is  Burley  or  Green  River  or  the  cigar  types. 
Such  special  qualities  as  the  so-called  "Sun-Cured"  tobacco  pos- 
sesses in  contradistinction  from  other  air-cured  types  are  really  due, 
therefore,  to  soil  and  climatic  modifications,  methods  of  cultivation, 
and  seed  rattier  than  to  the  process  of  curing.  The  seed  used  in 
the  Sun-Cured  district,  however,  is  practically  the  same  as  that 
used  in  the  other  dark-tobacco  districts  of  Virginia,  Kentucky,  and 
Tennessee.     Figure  35  shows  the  tobacco  "sunning"  on  the  scaffold 


Flo,  M.—SunnliiK  tobacco  In  ihe  VlrclnUi  Siin^Ciired  dislricl,  CaroUue  County,  Vn. 

near  the  open  south  side  of  the  curing  barn.     In  case  of  rain  it  is 
quickly  removeil  to  the  shed. 

USES   OF    "8rN-CUREI>"    T()BACtX>. 

"Sun-Cured"  tobacco  practically  all  goes  into  domestic  consump- 
tion in  the  form  of  flat  plug,  both  the  wrapper  and  the  filler  being 
of  this  type.  It  makes  a  .sweet  but  rather  strong  chew,  much  in 
favor  by  chewers,  especially  in  Virginia  and  North  Carolina. 

Nearly  all  the  "Sun-Cured"  tobacco  is  manufactured  in  the  fac- 
tories at  Winston  Salem,  N.  C.,  and  at  Richmond,  Va. 

DISTRIBUTION    OF    ACKEAOE. 

In  former  days  "Sun-Cured"  tobacco  was  extensively  grown  in 
several  of  the  south  side  counties  of  the  State,  and  a  little  "Sun- 
Cured,"  (ir,  more  correctly  speaking,  air-cured,  lobacco  is  still  pro- 
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(tuced  here  and  there  in  the  eastern  portion  of  the  dark-fired  and 
flue-€ured  districts  of  Vii^inia  (mostly  in  the  section  from  Clarks- 
ville,  in  Mecklenburg  County,  to  Petersburg),  and  also  in  the  Wins- 
ton Salem  section  of  the  flue-cured  district  in  North  Carolina.  The 
production  is  now  confined  principally,  however,  to  the  counties 
near  Richmond  on  the  north  side  of  the  James  River,  distributed 
approximately  as  shown  in  Table  XXVI. 

Table  XXVI. — EitimaUd  annual  jiritduelioii  of  "Sun-Cured"  tobacco  in   Virginia, 


Countlo. 

Pounds. 

Coimtlu. 

Poundji. 

a.onp.Doo 
2.500.ono 

J.OdO.fXK) 

Fluvanna 

500,000 

T.,.,. 

PRICES    AND   GRADES. 

The  popularity  and  demand  for  "Sun-Cured"  tobacco  has  seemed 
to  be  increasing  for  the  past  few  years,  and  it  has  brought  fairly  good 
prices— in  recent  years  usually  a  little  above  the  average  for  the 
dark-fired  district  of  Virginia,  The  average  prices  obtained  by 
farmers  in  the  five-year  period  1905  to  1909  has  been  from  8  to  10 
cents  a  pound.  Some  crops,  of  course,  average  very  much  more, 
sometimes  double  these  figures,  and  good  plug  wrappers  frequently 
bring  from  25  to  40  criits  a  pound,  although  of  course  these  highest 
grades  constitute  but  a  small  percentage  of  the  crop.  Under  the 
influence  of  better  prices  tlie  acreage  of  "Sun-Cured"  tobacco  in 
recent  years  has  tended  to  increase  somewhat,  and  the  crops  of 
1909  and  1910  were  probably  close  to  10,000,000  pounds  each  year. 
At  the  State  fair  held  at  Richmond,  Va.,  in  October,  1910,  members 
of  the  Richmond  tobacco  trade  offered  spcciiil  premiums  for  the 
best  samples  of  sweet  air-cured  tobacco  produced  in  several  new 
sections  as  well  as  in  the  regular  Sun-Cured  territory  itself,  with  the 
purpose  of  increasing  the  production.  Actual  future  expansion  will 
probably  depend  more  upon  prices  paid  than  on  any  other  factor. 

In  assorting  "Sun-Cured"  tobacco,  farmers  generally  make  fewer 
grades  than  with  other  Virginia  types — often  but  two  grades,  classed 
as  leaf  and  lugs — unless  there  are  wrappers  present  in  sufficient 
quantity  to  make  it  worth  while  to  pick  them  out.  From  the 
buyer's  standpoint  the  important  grades  are  fillers  and  wTajipers 
of  varying  character  and  value.  "Sun-Cured"  tobacco  is  jiractically 
all  marketed  loose  through  the  auction  warehouses  at  Ilichmond. 

The  Sun-Cured  manufacturing  district  of  Virginia  is  outlined  on 
the  map  (PI.  I,  in  pocket). 
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PEBIQTTB  TOBACCO. 

Out  of  the  attempts  to  produce  tobacco  for  export  on  the  rich 
river  lands  of  Louisiana  in  the  early  days  when  it  was  a  French 
colony  a  peculiar  method  of  manipulation  in  curing  the  tobacco 
that  is  unique  and  distinctive  was  finally  introduced  among  the 
Arcadians  of  a  community  in  St.  James  Parish. 

Although  the  production  of  Perique  is  so  small  as  to  make  it  of  but 
alight  importance  commercially,  the  process  is  so  unique  as  perhaps 
to  warrant  a  brief  description  of  the  manner  in  which  thb  tobacco  is 
produced. 

METHODS    OF   PRODUCTION. 

The  tobacco  is  grown  on  the  more  elevated  and  drier  portions 
of  the  rich  Mississippi  alluvial  soil  in  the  heart  of  the  sugar-cane  and 
rice  country  in  St.  James  Parish,  La.  The  type  of  seed  used  does 
not  seem  to  be  important,  but  the  large,  heavy,  dark  varieties  are  best. 
Burley  was  tried  a  few  years  ago  by  some  of  the  growers,  but  it  proved 
distinctly  unsuitable,  as  it  would  not  blacken  properly  and  gave  up  its 
juices  too  freely  under  pressiu-e. 

The  land  is  heavily  bedded  in  rows  about  5  feet  apart  in  preparation 
for  planting  and  about  2,500  plants  are  set  to  the  acre.  The  tobacco 
is  generally  grown  continuously  on  the  same  land  year  after  year, 
but  as  the  crop  is  harvested  about  the  last  of  June,  cowpeas  are  grown 
during  the  remainder  of  the  year  and  are  turned  under  in  preparation 
for  the  next  crop.  About  200  pounds  of  cottonseed  meaJ  per  acre 
are  also  generally  used  as  a  fertilizer.  Topping  and  suckering  are 
practiced  about  as  in  the  dark-tobacco  districts. 

In  harvesting,  the  entire  plant  is  cut  and  hung  from  the  wiree 
stretched  across  the  barn  by  suspending  each  plant  separately  by 
means  of  a  nail  driven  partly  into  the  butt  of  the  stalk  at  an  appro- 
priate angle. 

In  about  10  days  most  of  the  leaves  are  sufficiently  cured  to  strip, 
and  the  stripping  must  be  done  at  the  right  stage,  that  is,  while  the 
web  of  the  leaf  is  brown  and  the  midrib  is  still  green  for  about  two- 
thirds  of  its  length.  The  stem  is  removed  and  the  leaf  split  in  half 
and  made  up  into  large  twists  about  a  foot  long,  weighing  approx- 
imately 1  pound  each.  About  50  of  these  twists  in  very  soft  order 
are  then  packed  in  strong  pressing  boxes  11  inches  square  and  16 
inches  high. 

The  tobacco  is  then  placed  under  very  high  pressure  by  means 
of  lever  presses.  Heavy  weights,  usually  of  stone,  are  applied  at 
the  long  end  of  the  lever  in  order  to  give  a  steady,  uniform  pressure, 
such  as  could  not  be  obtained  with  a  screw,  the  object  being  to  start 
the  juices  which  ooze  from  the  leaves,  black  and  sticky.  The  pressure 
HH 

Dig,l,z.cbyG0O^^IC 


PEBIQUG  TOBACCO.  95 

is  BO  r^ulated  as  merely  to  start  the  sap  to  oozing,  but  not  to  make 
it  run  from  the  boxes,  because  it  is  desired  that  it  be  reabsorbed. 
This  process  gives  to  Perique  tobacco  its  black,  gummy  appearance 
when  finished. 

In  order  that  this  process  may  proceed  uniformly,  the  boxes  are 
opened  every  day  or  two  for  two  weeks,  and  the  twists  are  loosened 
so  as  to  allow  the  air  and  moisture  to  reach  all  parts  and  so  that 
the  juices  will  be  pressed  out  and  reabsorbed  uniformly  throughout 
the  entire  twist.  At  least  once  during  this  period  of  "working," 
as  it  is  called,  the  twists  are  opened  up  fully  and  any  unchanged  or 
dry  leaves  are  placed  on  the  outside  of  the  twist  and  dampened; 
sometimes  a  little  petune,  usually  rum,  is  blown  over  each  layer  of 
twists  as  they  are  packed  back  in  the  boxes. 

At  the- end  of  this  period  of  "working,"  the  tobacco  is  ready  to 
"lay  by,"  as  it  is  called.  A  considerable  shrinkage  of  volume  has  by 
this  time  taken  place,  so  that  the  contents  of  three  boxes  can  be  put 
into  two.  The  pressure  from  the  levers  is  renewed  but  is  made  not 
quite  so  heavy  as  at  first  and  allowed  to  remain  for  a  period  of  several 
months,  during  which  time  the  tobacco  mellows  and  ages  and 
acquires  the  characteristic  aromatic  fragrance  peculiar  to  Perique. 
The  tobacco  is  ready  for  use  the  following  February  or  March,  or 
about  eight  months  after  harvest.  The  yield  of  cured  tobacco  after 
it  has  been  through  this  process  (minus  the  stems,  it  will  be  noted) 
is  400  to  500  pounds  to  the  acre. 

Until  recent  years  nearly  all  Perique  tobacco  was  put  up  into 
cylindrical  rolls  or  carottes,  as  they  are  called,  weighing  either  4  pounds 
or  1  pound  each.  These  rolls  were  made  by  carefully  rolhng  the 
required  weight  of  tobacco  in  pieces  of  strong  cloth  and  then  winding 
with  strong  rope  cord  under  heavy  strain  by  means  of  an  ingenious 
windlass  device.  This  rope  winding  is  allowed  to  remain  for  several 
days  or  until  the  carotte  is  to  be  sold,  when  the  rope  and  cloth 
covering  is  removed  and  an  appropriate  paper  or  other  cover  with 
revenue  stamp  is  put  in  its  place.  This  heavy  pressure  from  the 
rope  winding  serves  to  compact  the  tobacco  so  that  it  will  not  dry 
out  and  puts  it  in  good  shape  to  whittle  or  shave  off  the  end  of  the 
roll  into  fine  cut  for  either  cigarette,  smoking,  or  chewing  purposes. 
Figures  36  and  37  illustrate  various  features  of  this  process  of  handling 
Perique  tobacco. 

Only  a  small  portion  of  the  Perique  crop  is  now  put  up  in  carottes 
■  in  this  manner,  however,  and  that  portion  mostly  for  local  trade. 
The  bulk  of  the  crop  is  sold  in  the  form  in  which  it  comes  from  the 
curing  presses  to  regular  manufacturers.  For  sliipment  to  this 
class  of  trade  the  compacted  juicy  twists  are  packed  and  prized 
into  whisky  barrels,  about  500  pounds  to  the  barrel.    Orders  for 
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Perique  in  this  form  are  usually  placed  by  manufacturers  some  time 
in  advance,  often  before  the  crop  is  planted. 

Whether  or  not  this  peculiar  method  of  curing  tobacco  was  really 
invented  in  its  essentials  by  the  -Orcadians,  as  some  think,  seems 
uncertain.  The  writer  is  indined  to  believe  that  it  was  not.  At  any 
rate,  it  is  known  that  the  natives  of  some  Central  American  and 
South  American  countries  have  for  years  been  putting  up  tobacco  in 
twists  after  subjecting  it  to  heavy  pressure  by  windlas.s  or  other 
devices.  Many  European  manufacturers  put  up  coil  tobacco,  black- 
ened by  heavy  pressure  and  absorbed  juices,  possessing  much  the 
appearance  and  aroma  of  Perique. 


Fia.  38,— Working  ( loosening  nnd  aenilinc)  I  he  twists  of  Perique  totwuco  tlurlnt!  the  prtssiiiK  proceE, 


USES   OF    FERKjUE    TOBACCO    AND    LOCATION   OF  AREA. 

The  production  of  Perique  tobacco  is  consifiered  by  the  Bureau  of 
Internal  Revenue  to  be  in  the  nature  of  a  manufacturing  process  and 
all  Perique  producers  are  classed  as  manufacturers  and  registered 
as  such,  although  they  pay  the  tux  on  only  a  small  portion  of  the 
product.  The  larger  portion  of  thoir  production  is  sold  to  other 
manufacturers  as  material  in  process  of  manufacture  before  payment 
of  the  tax. 

The  total  production  of  Perique  is  small,  amounting  to  about 
200,000  pounds  annually,  as  indicated  by  the  intemal-revonue  figures 
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and  by  the  estimates  of  tho  growers.  More  than  50  Perique  manu- 
facturers are  usually  regiatere<l  on  the  intemal-revMiue  hooka. 

Manufacturers  mostly  use  Perique  in  small  quantities  in  fancy 
smoking-tobacco  mixtures  to  give  them  richness  and  aroma.  Con- 
siderable Perique  is  used  locally  in  the  form  of  fine  cut  for  chew- 
ing and  as  shaved  from  the  ends  of  the  carottes  for  rolling  into 
cigarettes.  C^ara  of  some  brands  have  a  few  strands  of  Perique  in 
them  to  add  to  the  body  and  richness  of  the  smoke. 

The  Perique  district  is  principally  confined  to  a  small  section  of 
St.  James  Parish  on  the  east  side  of  the  Mississippi  River  and  immedi- 
atety  back  from  the  river  from  Lutcher  to  Convent,  a  distance  of 
about   12  miles.    More  than   half   the    total   production  is  cen- 


FI0.3T,— WlndlDgtbe  carolts  with  rope,  whlrhbleft  very  light  by  the  wladlassBmngemcat,  Periqira 
tobacco  district,  St.  Junts  Padili,  La. 

tered  in  the  Grand  Point  district  about  3  miles  from  the  river  and 
back  of  Hester  station.  Grand  Point  is  not  a  projection  into  tlie 
river,  as  might  be  supposed,  but  rather  a  body  of  land  a  little  lighter 
in  texture  and  slightly  above  tho  general  flat  level,  jutting  into  low, 
swampy  land  back  from  the  river.  Here  in  a  small  section,  perhaps 
not  over  1,000  acres  in  extent,  reside  most  of  the  Perique  planters, 
each  growing  usually  from  5  to  15  acres  of  tobacco,  to  which  they 
devote  practically  their  entire  attention.  They  are  nearly  all  Arca- 
dian French — a  very  kindly  and  hospitable  people. 

Perique  tobacco  in  carottes  now  sells  at  retail  for  about  50  cents  a 
pound.     In  whisky  barrels  to  dealers,  however,  the  prices  vary  con- 
45801=— Bull.  244—12 7 
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siderably  and  are  of  course  subject  to  agreement,  but  it  is  under- 
stood to  run  from  About  25  to  30  cents  a  pound.  In  former  years 
prices  were  much  above  this  and  carottes  sold  for  $1  a  pound. 

BBAZnXUf  TOBACCO. 

In  the  western  part  of  Williamson  County,  Tenn.,  in  the  vicinity  of 
College  Grove,  Triune,  and  Allisona,  there  is  a  small  section  that  has 
for  a  number  of  years  produced  a  few  hundred  thousand  pounds 
yearly  of  what  is  known  to  the  trade  as  Brazil  smoking  tobacco. 

Locally  this  is  thought  to  be  the  best  of  smoking  tobaccos.  It  is 
mostly  put  up  in  granulated  form.  Its  popularity  has  waned  in 
recent  yeara  except  locally,  and  very  little  has  been  grown  in  the  past 
few  yew^.  Under  the  influence  of  the  high  prices  even  for  the  low 
grades  of  Burley,  the  attention  of  growers  has  turned  mostly  to 
experiments  in  growing  the  Burley  type. 

Brazihan  tobacco,  in  general  appearance  and  habits  of  growth, 
resembles  Cuban  tobacco  more  than  any  of  the  manufacturing  or 
export  types  which  we  have  described. 

bASUVA,  with  8TATI9IICS  OF  AU.  TT^S. 

Table  XXVII  is  in  the  nature  of  a  rfeum^  of  the  actual  production 
of  tobacco  in  the  United  States  in  1909  as  estimated  by  the  crop- 
reporting  board  of  the  Bureau  of  Statistics  of  the  United  States 
Department  of  Agriculture.  The  division  into  types  does  not  in 
every  case  follow  that  laid  down  in  the  preceding  pages  of  this 
bulletin,  but  it  is  sufficiently  similar  to  enable  any  reader  to  fit  the 
two  together  without  difficulty. 

The  most  important  modlEcations  in  classification  are  the  grouping 
of  the  Stemming  and  the  Green  River  districts  together  as  one 
district,  calling  them  the  Henderson  or  Stemmii^  district.  No 
mention  is  made  of  a  One-Sucker  type  or  district,  but  two  of  its 
component  parts,  the  upper  Green  River  and  upper  Cumberiand  sec- 
tions, are  mentioned  as  separate  districts.  The  southern  Indiana 
section  of  the  One-Sucker  district  is  not  specifically  mentioned,  but 
it  is  included  in  the  production  mentioned  as  "scattered"  at  the 
bottom  of  the  table,  which  baa  been  slightly  rearranged  to  make  it 
conform  better  to  the  purpose  in  view.  The  price  averages  of  two 
dates  6  years  apart,  December  1,  1904,  and  December  1,  1909,  have 
been  added  for  comparison  as  a  matter  of  general  interest.  The 
actual  total  production  of  each  type  was  not  made  a  matter  of  special 
record  at  the  earlier  time. 
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Tablb  XXVII. — Official  ettimaUa  of  the  production  oj  lobacm  and  yield  per  owe  6y 
^pea  in  Iht  Unital  SlaUt  in  1909,  tviih  a  eomparalivt  stattment  of  At /arm  priet  on 
Dvxmber  1, 1904,  and  December  1, 1909. 
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According  to  these  estimates  the  actual  production  in  1909  of  all 
the  export  and  manufacturing  types  was  790,685,000  pomids.  This 
statement  is  to  be  compared  with  the  ayerage  estimates  already  given, 
unounting  to  741,200,000  pounds,  as  derived  almost  entirely  from 
piivate  sources.  A  large  part  of  the  actual  excess  of  1909  over  the 
iverage  estimates  was  in  the  Burley  type,  which  was  well  above 
normal  for  that  year.  The  estimate  of  Burley  in  the  district  of 
244,800,000  pounds  in  1909  accounts  for  about  30,000,000  pounds  of 
Ibe  49,000,000  pounds  difference,  and  undoubtedlya  large  portion  of 
'he  13,124,000  pounds  scattering  production  of  unnamed  types  was 
iko  Burley. 

For  purposes  of  easy  comparison  the  estimates  of  the  average 
production  of  the  various  export  and  manufacturing  types  as  pre- 
^ted  in  tables  throughout  the  general  discussion  in  tlus  bulletin 
we  shown  in  Table  XXVIU. 
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Table  XXVIII. — EitimaUd average  annvat  production  o/tobaeoo  in  theUniUd StaUt.* 
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LEnER  OF  TRANSMITTAL, 


U.  S.  Dbpahtmbnt  of  AaRicnLTCBE, 

Bureau  or  Plant  iNonsTur, 

Office  of  the  Chief, 
WaaMngtoih,  D.  C,  Jamicery  SO,  J91S. 

Sik:  I  have  the  honor  to  trananit  herewith  and  to  recomraetid  for 
publication  as  Bulletin  No.  245  of  the  series  of  this  Bureau  the 
nccompanying  technical  paper  by  Dr.  L.  R.  Jones,  Mr.  N.  J.  Gid- 
dings,  and  Prof.  B.  F.  Lutman,  entitled  "  Investigations  of  the 
Potato  Fungus  Phytophthora  Infestans." 

This  potato  fungus  causes  the  most  destructive  disease  known  to 
this  important  crop  and  has  thus  far  baffled  attempts  at  its  ccnn- 
jilete  control,  owing  probably  in  part  to  ignorance  of  its  entire  life 
history.  This  paper  embodies  not  only  a  consideration  of  the  main 
facts  in  the  development  of  the  disease  and  of  the  methods  for  its 
control  by  spraying  and  other  standard  practices,  but  also  contributes 
some  important  new  facts  as  to  the  development  of  resting  spores  by] 
the  fungus.  Attention  is  further  directed  to  the  possibilities  of 
control  through  the  use  of  disease-resistant  varieties,  and  a  laboratory 
method  is  here  developed  for  prqniptly  testing  the  relative  diseasej 
resistance  of  potato  tubers. 

The  work  has  been  done  by  Dr.  Jones  as  a  collaborator  of  the 
Bureau  of  Plant  Industry,  in  cooperation  with  the  Vermont  Agri- 
cultural Experiment  Station,  with  the  assistance  of  Mr.  Giddings  and 
Prof.  Lutman  and  of  the  workers  mentioned  in  the  footnote  on  the 
first  page  of  the  text.  The  need  of  such  an  investigation  had  long 
been  felt  and  it  was  undertaken  in  ihia  manner  because  of  the  long 
experience  of  Dr.  Jones  with  this  problem  and  because  the  disease  is 
of  much  more  frequent  occurrence  in  Vermont  than  in  the  vicinity  of 
Washington.  The  bulletin  forms  part  of  a  series  of  studies  on  peiato 
diseases  and  disease  resistance  in  progress  in  this  Bureau  und^  the 
general  direction  of  Mr.  W.  A,  Orton. 

The  illustrations  sulonitted  are  essential  to  an  understAnding  of 
the  text. 

Kespectfully,  B.  T.  Gallowat, 


Hon.  Jahks  Wn^oir, 

Secretary  of  Agriadtvre, 


Chief  of  Bureaa. 
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of  potatoee,  the  American  variety  Ionia  Seedling  being  hig^y  mu- 
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the  German  variety  Irene  highly  reeiatant 72 
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variety  Holbom  Abundance  moderately  so,  and  the  German  variety 
Irene  highly  r< 
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INVESTIGATIONS  OF  THE  POTATO  FUNGUS 
PHYTOPHTHORA  INFESTANS.' 


nrFBODTJCTION', 

These  studies  upon,  tiie  potato  fungus  Phytophihora  infeatans 
have  been  the  outcome  of  apparent  need  coupled  with  evident  op- 
portunity. For  both  economic  and  scientific  seasons  there  is  need  of 
a  fuller  understanding  of  the  life  history  of  this  fungqs  and  its 
pelations  to  the  hofit  plant,  while  the  frequeDcy  of  its  occurrence  in 
Vermont  has  offered  favorable  opportunity  for  carrying  on  such  in- 
vestigations. Xo  other  of  the  staple  farm  or  garden  crops  of  this 
country  is  subject  to  such  extreme  variations  in  production  as  the 
potato,  because  of  disease  of  one  or  another  kind.  This  is  doubtless 
in  part  due  to  the  fact  that  it  has  been  so  recently  brought  into  cul- 
ture and  under  conditions  so  different  from  thoee  of  its  natural 
habitat.'  Moreover,  no  other  of  these  diseases  equals  in  possiUe 
damage  the  fungus  under  consideration.  In  its  worst  form  (that  is, 
when  conditions  are  especially  favorable  to  the  disease)  the  destruc- 
tion of  the  potato  foliage  by  the  late-blight  may  be  complete  within 
a  few  days  after  its  appearance  and  that  of  the  tubers  by  the  asso- 

'  The  itodlei  upon  wblch  tbla  publication  Is  bBicd  bave  been  In  proEreu  Tar  a  number 
of  jeon.  Tbe  wrltera  wl«b  to  ftcknowledse  their  Indebtedncao  tor  adTlce  during  the 
prosreaa  at  the  ■watk  to  W.  A.  Ortoa  and  Erwin  F.  Smith,  of  the  CaltEd  States  Depart- 
ment ol  Agrlcaltnre.  aa  weU  aa  to  William  Stuart,  noir  of  tbe  Department  of  Agrlenltare, 
formerlr  bortlcDlturlit  of  the  Vermont  Agrleultural  Experiment  Station.  Valuable  awlst- 
ance  was  rendered  by  W.  M.  Oantbell  In  the  earl;  morphaloglcAl  Mudlea ;  b;  H.  A.  Edion 
In  tbe  later  cnltnral  work.  especlBlly  In  the  devising  of  new  culture  media;  and  by  F.  T. 
Rand  and  C.  R.  Orton  In  the  determlnatlDns  of  dieeiue  realaCance.  ^The  reeponBlblllt;  for 
the  general  direction  of  the  work  (ell  apon  the  Mnlor  writer.  The  larger  part  of  the 
detailed  vtaAf  was  made  br  Mr.  Olddlnm.  Hla  removal  to  the  Weat  Virginia  AKrienltural 
Experiment  Station  earl;  In  1909  left  tbe  later  reaponsibllltT  for  thli  upon  Prof.  Lutman. 

There  are  Beveral  matters  npon  wblcb  further  stud;  would  be  desirable  before  publlca- 
tlou.  but  the  removal  ol  the  senior  writer  to  Wlaconaln,  following  that  of  Hr.  Qlddlngi  to 
West  Virginia,  has  led  to  the  decision  lo  make  the  publication  In  Its  present  form  as  best 
conducing  to  further  progreea.  The  autbors  therefore  ask  that  It  be  accepted  as  a 
preliminary  report  of  progress  and  hope  that  Its  lack  of  finality  M  certain  points,  espe- 
cially as  to  restlng-Bpore  production  and  as  to  what  constitutes  disease  resistance,  may 
BtlmniatB  others  to  aid  in  the  solution  of  the  problems  Involved. 

This  report  Is  Issued  simultaneously  hy  the  Vermont  AgrlcnltDrsl  Biperlment  Station 
as  Bulletin  No.  168  of  that  atatlon. 

•For  a  fuller  discussion  of  this  point,  see  Jones,  L.  R,,  "The  DIseaBeB  of  the  Potato. 
etc.,"  Transactions  of  the  Ifassachusetts  Oorticultural  Society,  pt.  1,  1003,  pp.  144-lrie. 
Also,  Jones,  U  R.,  "  Disease  Reelstance  of  Fotatoe*,"  Bulletin  ST,  Bureau  of  Plant  In- 
dustry, V.  8.  Dept.  of  Agrlcnltnre.  lOOS. 
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10  THE  POTATO  FUNGUS  PHTTOPHTHOBA  INFESTANS. 

ciated  "  rot "  may  be  no  less  appalling.  The  terrible  Irish  famine  of 
1845  was  due  to  the  almost  total  loss  of  the  potato  crop  of  Ireland 
fr<Hn  this  disease  the  preceding  summer.  In  this  country  the  last  gen- 
eral outbreak  was  in  the  years  1901-1903.  In  1901  Jcaies  and  Morso 
(1902,  p'210)'  estimated  that  65  to  95  per  cent  of  the  unsprayed  pota- 
toes on  the  Vermont  experiment  station  farm  showed  rot  following 
late-blight  and  that  on  August  23,  1902,  the  plants  in  two-thirds  of 
the  fields  around  Burlington,  Vt,,  had  died  from  this  cause.  In  New 
York  State  it  was  estimated  by  Stewart  of  the  Gieneva  station  (Stew- 
art, Eustace,  and  Sirrine,  1903,  p.  252)  that  the  loss  in  1903  sras 
60  bushels  per  acre  on  the  average,  meaning  a  loss  of  nearly  20,000,000 
bushels  on  the  400,000  acres  of  potatoes  planted  in  that  State  that 
year.  Morse  (1909),  of  the  Maine  experiment  station,  estimated  that 
25  to  75  per  cent  of  the  crop  of  Aroostook  County,  Me.,  rotted  in 
September  and  Octobor,  1909,  and  that  the  loss  was  several  hundred 
thousands  of  dollars.  It  was  shown  a  half  century  ago  that  this 
blight  and  rot  are  caused  by  the  fungus  under  consideration,  but  we 
are  in  ignorance  as  to  the  life  history  of  the  parasite,  especially  as  to 
how  it  overwinters  and  what  determines  its  sudden  and  usually  un- 
expected outbreaks  and  the  inception  of  an  epidemic.  The  pres- 
ent publication  aims  to  summarize  what  was  previously  known 
regarding  the  fungus  and  to  record  in  detail  the  progress  that  has 
been  made  in  the  present  studies  toward  a  fuller  understanding 
of  its  life  history  and  its  relations  to  the  host.  Before  doing  so  it 
will  be  desirable  for  practical  reasons  so  to  describe  the  occurrence 
and  appearance  of  the  disease  as  to  preclude  its  confusion  with  any 
of  the  other  potato  maladies. 


Several  other  diseases  of  the  leaves  and  the  tubers  of  the  potato 
have  some  symptoms  resembling  the  bli^t  of  the  foliag«  and  the 
rot  of  the  tubers  caused  by  the  fungus  Phytophthora  infestana.  In 
consequence  there  has  been  some  confusion  in  the  discussion  of  potato 
diseases  even  by  scientific  men,  and  discrimination  on  the  part  of  the 
practical  grower  is  still  more  difficult.  As  a  guide  to  the  recognition 
of  these  diseases  a  list  of  the  various  maladies  reported  for  this 
country  is  here  given  with  such  a  brief  characterization  of  each  as 
will  best  serve  to  distinguish  it  from  the  late-blight  or  the  rot  dup  to 
Phytophthora.  While  these  helps  may  not  suffice  to  enable  one  un- 
familiar with  the  subject  to  recognize  separately  each  of  these  potato 
maladies,  it  should  be  comparatively  easy  from  the  descriptions  and 

■  BIblloBniphIc  dt&tlonB  In  parentlieses  throughout  tbe  text  of  tbis  bullelln  reter  to  tbc 
"  iDdei  to  literature."  pp.  S8-03,  In  wblcb  titles  are  BCTHnged  BlphibetlcaUr  bjr  antbon, 
■epaiatfl  watkg  br  tba  bbjus  aatbor  being  placed  ehroDologlcally.  ~  ■ 
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the  accompanying  Uluatrations  to  distinguish  the  attacks  of  Phytoph- 
thara  infestam.  The  disease  caused  by  this  fungus  involves  both  the 
aerial  and  the  subterraneao  parts  of  the  potato  plant.  Id  this  country 
the  malady  is  commonly  tenned  blight  (ot  late-Uigfat)  as  it  appears 
on  the  foliage  and  rot  (or  dry- 
rot)  as  it  appears  in  the  tubers. 


10.  1. — Sketch  aboirlng  tile  penetratlaa  of  a 
potato  leaf  by  germ  tubes  of  Phi/tophtliora 
infattuu  tbroDKb  the  breatblng  iwre  and 
the  cat  lei*.      Sorfaee  view.     (After  Ward.) 


LATX-BLISBT  or  TBI 

The  lat«-blight  rarely  ap- 
pears on  the  foliage  (see  PI.  I) 
until  the  plants  have  passed 
the  flowering  stage.  Indeed,  it 
has  not  been  observed  to  pre- 
cede blossoming  except  where 
an  early  crop  infects  the 
plants  of  a  late  crop  growing 
near  by.  Observations  under 
natural  conditions  and  inocu- 
lations also  have  proved  that 
infection  in  this  way  may  oc- 
cur at  any  stage  in  the  plant's 
development.  At  any  time  after  the  blossoming  stage,  if  the  weather 
conditions  are  favorable  and  the  fungus  is  present,  the  disease  may 
appear  as  purplish  black  or  brownish  black  areas  on  the  potato 
leaves.  These  spots  are  especially  liable  to  show  on  the  lower  leaves 
of  the  plant,  although  one  need  not  for  this  reason  necessarily  accept 
the  suggestion  of  Clinton  (1905,  pp.  307- 
311)  that  there  has  been  infection  from  the 
soil.  This  is,  however,  an  interesting  pos- 
sibility. The  diseased  areas  commonly  ap- 
pear first  near  the  tip  or  margin  of  the  leaf, 
although  they  may  subsequently  occur  any- 
where upon  the  leaf,  petiole,  or  even  on  the 
■howing  the  stem.  Infection  is  apparently  primarily  con- 
penetration  of  the  epldei^  ,.^.  ,  ,,  ^"^  t  f-  i  ■  . 
mai  cell  ot  a  potato  leaf  bj  ditioned  upon  the  accumulation  of  moisture 
a  ph;tophtbora  germ  tuba,    from  favorinfi"  dew  or  rain,  which  cives 

Sectional       rteir.  ■    (After  ^      -^       7        •>.  \.  •      . 

Ward.)  opportunity  for  the  spores  to  germinate 

and  push  their  germ  tubes  into  the  tissues. 
(Figs.  1  and  2.)  If  one  examines  blighting  leaves  carefully  while 
they  are  still  moist  on  a  dewy  morning  or  after  a  shower,  a  delicate 
growth  of  the  fungus  is  perceptible  as  a  powdery  bloom  on  the  under 
side,  but  less  often  <m  the  upper,  where  the  diseased  area  borders  the 
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green.    This  aerial  growth  bears  the  spores  which  serve  to  carry  the 
infection  to  healthy  leaves  (fig.  3). 

A  more  detailed  examination  of  the  progress  of  the  malady  will 
now  be  worth  while.    In  the  field  it  does  not  usually  attract  the 


i: 

I 


.-4  <>.     "Cj   I 


Pio.  8, — DlagTRmmitlc  reprnnntatlan  of  a  Bqnare  cnt  from  a  potato  leaf  Infested  with 
PAvIophlftars  <l»/Mlan«,  ihowlng  the  Iudkdb  emergliig  through  the  breathing  pom 
and  the  BacceBBlve  atages  In  the  derelapment  ot  coDldlopborea  and  conldia. 

attention  of  the  casual  observer  until  the  upper  leaves  are  attacked 
and  blackened.  This  stage  really  marks  the  climax  or  even  the 
closing  stages  of  the  epidemic  and  not  its  inception.    The  beg^immgs 
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antedated  this  by  days  or  even  weeks.  The  first  external  sympt^ns 
*  begin  to  show  in  about  five  days,  on  U>s  average,  from  the  infection 
of  ft  healthy  leaf,  as  noted  by  De  Bary  (1863)  and  frequently  veri- 
fied by  the  writers  (PI.  I).  The  invaded  area  on  the  leaf  takes 
on  a  water-soaked  appearance,  pales  somewhat,  then  wilts  and 
blackens.  The  size  of  the  spot  increases  with  a  rapidity  determined 
by  weather  conditions;  if  fav(H^bly  moist  the  entire  leaf  will  be 
killed  in  frtmi  one  to  four  days.  If  the  weather  is  dry  the  tissues 
curl  up  and  shrivel  soon  after  death ;  if  moist,  as  is  the  more  usual 
thing  when  the  disease  is  prevalent,  the  blighted  leaves  become  limp 
and  soon  rot,  emitting  a  characteristic  strong  odor.  The  fact  that 
after  infection  only  about  five  days  are  required  for  the  appearance 
of  a  new  crop  of  spores  explains  how,  when  conditions  best  favor,  it  is 
possible  within  a  week  after  the  appearance  of  the  first  diseased  leaves 
to  have  the  foliage  of  all  the  neighboring  plants  stricken.  As  a  mat- 
ter of  fact  the  malady  is  usually  in  the  incubation  stage  two  wedss  or 
more  from  its  early  appearance  upon  scattered  plants  before  it  he- 
comes  generally  epidemic  over  the  field.  When  the  epidemic  stage 
is  reached,  if  favored  by  moist  weather,  the  entire  foliage  is  blighted 
in  a  period  of  time  almost  incredibly  short. 


When  the  tops  have  been  thus  blighted  (PI.  II)  a  varying  per- 
centage of  the  tubers  usually  show  the  rot,  which  ordinarily  appears 
first  on  the  upper  sides  of  the  tubers  lying  nearest  the  surface  of  the 
soil.  In  the  earliest  stages  it  appears  as  a  slight  brownish  or  pur- 
plish discoloration  of  the  skin,  and  if  the  soil  is  moist  the  underlying 
tissues  may  be  softened.  In  a  damp,  heavy  soil  this  rotting  usually 
spreads  rapidly  over  the  surface  and  proceeds  inward  so  that  the 
entire  tuber  browns  and  decays  before  harvest,  constituting  what  is 
termed  the  "  wet-rot."  This  is,  however,  as  shown  by  Delacroix 
(1903)  and  others,  largdy  due  to  the  secondary  invasion  of  such 
tubers  by  bacteria  and  fungi.  In  drier  soils  or  seasons  the  progress 
of  the  disease  is  slower  and  the  brown  stain  extends  only  to  a  depth 
of  one-eighth  to  one-fourth  of  an  inch.  Meanwhile,  owing  to  the 
drying  out  of  the  dead  cells,  the  surface  of  the  tubers  wherever  in- 
vaded becomes  slightly  sunken  and  of  a  darker  cojor,  often  purplish 
black  in  the  white-skinned  varieties.  This  appearance,  known  as  the 
"dry-rot,"  may  be  much  in  evidence  at  the  time  of  harvesting,  or  it 
may  show  hut  little  then  and  tend  to  develop  during  the  first  month 
or  two  of  storage.  If  the  tubers  are  kept  in  a  properly  cool,  dry 
cellar  this  dry-rot  is  soon  checked  and  they  may  pass  the  winter  in 
this  state,  the  superficial  stain  rarely  extending  to  a  greater  depth 
in  the  flesh  than  one-fourth  to  one-half  of  an  inch. 

**  Dig,l,z.cbyG0O^^IC 
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OOCUBRENCE   OF   TBE  lATE-BLIOHT   AND   ROT. 

This  disease  is  common  in  the  Northeastern  States,  especially  in 
northern  New  England  and  New  York  and  also  in  the  adjacent  parts 
of  Canada.  Farther  south  and  west  it  is  either  unknown  or  more 
sporadic,  unless  it  be  on  the  northern  Pacific  coast  regions.  The 
accompanying  map  (fig.  4),  prepared  under  the  direction  of  W.  A. 
Orton,  indicates  the  occurrence  of  this  fungus  as  based  on  all  avail- 
able recorda  The  conclusion  seems  justified  that  the  late-blight  has 
been  at  one  time  or  another  introduced  with  seed  potatoes  or  other- 
wise into  practically  all  of  the  pot  a  to -growing  sections  of  the  country 
and  that  under  favoring  local  conditions,  moist  weather  without  too 
great  heat,  it  will  temporarily  develop  anywhere.    For  example,  the 


Pw.  4.— Map  of  the  rDltod  Stales  BhowlDB  the  dUtrlbotlon  of  the  rhytopbCharn  potato 
dlBease.  The  Beetlona  where  tlie  dtseiiae  Is  tile  more  prevalent  are  lodkated  by  tbe 
heavier  shading.  Etoabtlees  fattber  iii.Teatlgat]oD  trlU  extend  the  range  weatward  along 
the  northern  border. 

most  destructive  epidemic  of  the  last  decade  in  the  United  States 
was  in  1902-1904  in  the  northern  Mississippi  Valley,  when  the  potato 
sections  of  Michigan,  Wisconsin,  and  Minnesota  were  swept  for  two 
successive  years  by  the  late-blight  and  rot.  Before  that  for  20  years 
the  fungus  had  not  been  observed  there  and  since  then  it  has  ap- 
parently disappeared  again,  doubtless  owing  to  the  fact  that  t^e 
summers  are  usually  too  dry  and  warm  to  permit  its  rapid  spread. 
On  the  other  hand,  in  the  Northeastern  States  the  midsummers  are 
typically  moister  and  cooler,  and  here  the  Phytophthora  finds  condi- 
tions favorable  for  some  development  almost  every  year  and  for  a  pro- 
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nounced  epidconic  perhaps  two  years  out  of  five.*  It  seems  a  fair 
presumption  that  the  occasional  outbreaks  of  this  disease  southward 
and  its  introduction  westward  are  the  direct  result  of  the  frequent 
importation  of  the  fungus  along  with  seed  tubers  obtained  from 
these  n(Hlheastem  regions. 

OTHER  DISEASES  OF  THE  POTATO  TS  AMERICA. 

Some  of  the  other  maladies  known  to  occur  in  America  from 
which  this  Phytophthora  disease,  or  late-blight  and  rot,  must  be  dis- 
tinguished are  early- blight,  leaf- blotch,  arsenical  poisoning,  sun 
scald,  tip-bum,  bacterial  wilt  and  rot,  black-leg,  leaf-curl,  Fusarium 
wilt  and  rot,  scab,  wart  disease,  internal  brown-spot,  and  soft-rot. 

Early-hlight. — A  widespread  disease  of  the.foliage  caused  by  the 
fungus  Altemaria  solani  (E.  and  M.)  J.  and  G.,  is  known  as  early- 
blight.  It  appears  as  small,  irregular,  sharply  defined  black  spots  on 
the  leaves,  marked  by  faint,  target -board-like,  concentric  ridges. 
These  begin  to  show  earlier  than  the  late-blight  and  in  drier  weather; 
indeed,  it  is  rather  characteristic  of  dry,  warm  soils.  The  progress  of 
the  disease  is  slow,  but  as  the  spots  increase  in  number  and  size  they 
may  ultimately  destroy  the  entire  foliage,  either  alone  or  in  combi- 
nation with  tip-bum  and  other  maladies. 

Leaf-blotch. — Another  leaf-spot  disease  caused  by  a  fungus,  Cer- 
cospora  concors  Casp.,  has  been  observed  in  America  (Jones  and 
Pomeroy,  1907,  pp.  236-256)  in  only  one  State  (Vemiont),  but  is 
widespread  in  northern  Europe.  It  so  closely  resembles  the  early- 
blight  that  it  may  have  been  confused  with  it  and  occur  more  widely 
than  is  now  known  in  this  country.  The  diseased  spots  are  larger 
and  less  sharply  defined  than  with  early-blight,  without  concentric 
markings,  at  first  merely  paler  green,  then  turning  yellow  or  brown 
and  dying.  The  fungus  is  apparent  as  a  purplish  gray  growth  most 
evident  on  the  lower  surface.  At  certain  stages  it  may  easily  be  mis- 
taken for  the  Phytophthora  hliglit. 

Arsenical  poisoniTig. — The  poisoning  of  potato  leaves  by  Paris 
green  or  other  arsenical  sprays  directed  against  insects  is  very  com- 
mon and  often  confused  with  the  fungous  blights.  In  severe  cases 
the  entire  foliage  is  killed  outright.  More  usually  the  poisoning  is 
only  local  on  the  plant  and  appears  as  metallic-brown  or  blackish 
spots,  centering  as  a  rule  about  flea-beetle  punctures  or  other  breaks 
in  the  epidermis.  Concentric  target-board  markings  may  occur,  and 
oft«n  visible  deposits  of  the  poison  near  the  center  of  the  spot  bear 
witness  to  its  cause. 

'  Ob  the  rcIatloD  of  neatber  to  occnrrence  of  Pbrtophthora.  an  Ninth  Annntl  B«port 
o(  tti«  Vermont  Agricultural  Experiment  StatloD,  1S9S,  pp.  <6-Tl ;  also  Bollttln  ISS, 
" ^t  Agrlcnltoral  Experiment  Station,  1911. 


3vGoo^^lc 


16  THE  POTATO  FUNGUS  PHTTOPHTHORA  INFE6TANS. 

Snn  scald. — ^With  potatoes,  as  with  other  tender  foliage,  sun  scald 
occurs  when  bri^t,  hot  weather  follows  suddenly  upon  a  mcnst, 
cloudy  period.  The  scalded  areas  occur  especially  between  the  veins 
and  near  the  extremities  of  the  leaflets.  It  is  commonest  during  the 
period  of  most  rapid  foliage  development,  i,  e.,  before  blossoming. 

Tip-huTTi. — The  name  tip-bum  is  well  applied  to  the  drying  and 
death  of  the  leaves  beginning  at  the  tip  and  margin  as  a  result  of 
protracted  dry  heat.  The  dead  areas  blacken,  crisp,  and  uprolL 
Insect  or  other  injuries  aggravate  the  trouble.  It  is  commonest  after 
the  plants  have  passed  their  greatest  vigor,  i,  e.,  after  blossoming. 

Other  leaf-spot  diseases. — Two  types  of  leaf  spotting  occasionally 
occur,  other  than  those  already  noted.  The  first  is  due  to  the  slow 
dying  and  drying  out  of  the  tissues  surrounding  any  wound  in  the 
leaf  (Sturgis,  1895,  p. 132).  It  is,  in  a  way,  comparable  to  tip-bum 
and  may  occur  at  the  same  time.  As  with  tip-bum,  such  dead  tissues 
are  usually  soon  invaded  by  saprophytic  fungi,  such  as  Altemarui 
faaciculata  and  Gladosporium  spp. 

A  second  type  of  leaf  spotting  may  occur  and  is  sometimes  quite 
prevalent,  the  cause  of  which  is  not  understood.  It  is  evidently  the 
same  malady  as  described  by  Appel  and  Kreitz  (1907)  and  other 
European  pathologists  as  "  Diirrfleckigkeit."  The  blackening  first 
appearsj  as  a  rule,  along  the  smaller  veinlets,  which  fact  serves  to 
distinguish  the  disease  from  early-blight ;  but  the  spotting,  especially 
in  the  later  stages,  may  occur  between  the  veins,  which  makes  the 
resemblance  to  typical  early-blight  so  close  that  microscopic  examina- 
tion may  be  necessary  to  distinguish  them.  These  spots  are  free  from 
fungi  in  their  earlier  stages  and  are  later  occupied  only  by  the  com- 
mon saprophytes.  Appel  has  suggested  that  bacteria  attacking'  (he 
base  of  the  plant  may  be  responsible  for  this  leaf  spotting,  but  our 
own  observations  lead  us  to  regard  the  malady  as  nonparasitic.  This 
interpretation  is  favored  by  the  fact  that  it  may  appear  only  on  sing;le 
plants  or  on  certain  varieties  in  a  field  without  association  with 
observable  root  or  stem  lesions  and  without  showing  a  tendency  to 
spread  to  neighboring  healthy  plants. 

Broicn-roi. — A  disease  known  as  brown-rot,  attacking  not  only  the 
potato  but  the  tomato  and  other  solanaceous  plants,  as  shown  by 
Smith  (1896),  is  caused  by  bacteria  (Bacillus  sol'anacearum  Sm.). 
The  organisms  invade  the  vessels  of  the  stem,  browning  them  and 
causing  the  base  of  the  stem  to  take  on  a  dull,  muddy-green  color 
and  the  foliage  to  wilt  and  die.  The  young  tubers  are  also  invaded, 
the  vascular  ring  blackened,  and  a  soft  rot  ultimately  developed. 
If  invaded  stems  or  tubers  in  the  earlier  stages  are  cut  across,  the 
bacterial  growth  which  plugs  the  darkened  vessels  may  ooze  out  a$ 
small  gray  beads.  This  disease  is  most  common  in  the  Southeastern 
States  bordering  the  Atlantic 
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Black-leff. — ^A  disease  much  more  widespread  than  hrown-rot, 
probably  occurring  in  all  of  the  older  potato-growing  re^ons,  is 
known  as  black-leg.  It  ia  characterized  by  the  rottingof  the  outer  or 
cortical  tissues  of  the  lower  part  of  the  stem  at  or  near  the  base. 
The  rotting  usually  occurs  below  ground,  but  it  may  show  at  the  sur- 
face of  the  soil  or  a  little  above.  Plants  which  are  attacked  are 
checked  in  the  early  stages  of  growth,  the  leaves  gradually  become 
paler,  roll  upward,  and  ultimately  die,  the  lower  ones  first.  Ex- 
amination shows  that  as  a  rule  the  seed  tuber  has  rotted,  and  it  is  a 
reasonable  presumption  in  such  case  that  the  rot  started  in  this  and 
spread  thence  to  the  stem  base.  The  resulting  crop  of  tubers  may  . 
later  be  involved  in  a  soft  rot.  Appel  has  shown  this  trouble  in 
Europe  to  be  due  to  bacteria  (BaoiUua  phytophthorus  Appel),  and 
Morse  (1909)  and  Smith  (1910,  pp.  748-749)  have  confirmed  his 
conclusions  as  applicable  to  this  disease  in  the  eastern  United 
States.  Harrison  (1906,  p.  34)  has  described  what  may  be  the  same 
disease  in  Canada  as  of  a  bacterial  nature. 

Potato  atemrhliffht  or  rosette. — A  disease  having  symptoms  similar 
in  some  respects  to  black-leg  has  been  described  by  Selby  (1903)  as 
rosette.  It  occurs  in  Ohio,  in  Colorado  (Bolfs,  1904) ,  and  in  several 
Central  and  Southern  States.  The  cause  is  considered  by  these 
writers  to  be  the  fungus  Rhizoctonia  {Corticmm  vagum  B.  and  0. 
var.  solani  Burt.).  It  is  characterized  by  brown  lesions  on  the 
underground  portion  of  the  st^n  and  the  stolons.  The  effect  on  the 
plant  varies  with  the  location  and  extent  of  these  lesions  from  a 
dwarfed  or  rosette  appearance  of  the  leaves  (Ohio)  to  a  stimulati(m 
of  foliage  development  due  to  prevention  of  tuber  formation  by 
cutting  off  the  stolons  (Colorado).  The  formation  of  numerous 
aerial  tubers  accompanies  one  type  of  this  disease.  This  disease 
evidently  is  very  similar  to  the  black-leg  type  and  there  may  have 
been  smne  confusion  of  the  two. 

Potato  v)Ut  and  dry  end-rot. — Another  widespread  disease  appar- 
ently most  destructive  south  and  westward  in  the  wanner  potato  sec- 
tions has  been  carefully  studied  by  Smith  and  Swingle  (1904),  who 
concluded  that  it  is  caused  by  the  fungus  Fuearium  ovysporum.  The 
best  marked  symptoms  are  the  falling  or  lopping  over  of  stems  and 
the  wilting  or  curling  of  the  foliage  as  a  result  of  the  killing  of  the 
nnaller  roots  by  this  fungus.  The  tubers  are  later  invaded  and 
develop,  especially  in  storage,  a  blackening  of  the  vascular  ring  near 
the  stem  end.  The  farther  development  of  the  fungus  in  the  storage 
bin  may  lead  to  dry-rot,  especially  at  the  stem  end  of  the  tubers,  and 
in  advanced  stages  the  fungus  may  appear  as  white  tufts  of  mold 
on  the  surface. 

Other  leaf-euri  diteates, — A  form  of  disease  characterized  by  leaf 
curling  without  the  rapid  wilting  typical  of  the  disease  described  by|  ^ 
81706'— Bna  iM6— 13 2 
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Smith  and  Swingle  is  widespread  in  Europe  (Blattrollkranklieit) 
and  is  probably  an  important  factor  in  this  country  also.  The  causal 
relation  of  Fusarium  to  this  disease  is  denied  by  many  investigators, 
who  believe  it  is  partly  ot  wholly  physiological.  Another  type  of 
leaf -curl  malady  known  in  Europe  (Kr&ueelkrankheit)  is  occasionally 
seen  in  America.  When  attacked  by  this  disease  the  foliage  retains 
its  normal  color,  but  the  stem,  branches,  and  leaf  veins  elongate  less 
than  nmnal.  A  down  curling  and  crinkling  of  the  leaves  results, 
with  a  denser  bushy  appearance  of  the  plant  as  a  whole.  In  mild 
cases  the  plant  may  later  become  normal.  There  is  no  reason  to 
i^^rd  this  as  a  parasitic  malady.  It  appears  to  be  an  abnormal  type 
of  development  which  ia,  however,  in  its  extreme  form  an  inheritable 
characteristic  and  hence  to  be  checked  by  seed  selection. 

Potato  scab. — In  all  of  the  older  potato-growing  sections  of  America 
a  scabbing  of  the  tubers  is  common.  Often  deep  pittings  are  shown, 
and  it  may  even  cause  some  cracking  and  may  favor  wrt-rotting  in 
heavy  soils.  In  its  commonest  form  at  least  this  malady  is  due  to  a 
fungus  (Oospora  scabies  Thaxter).  Other  forms  of  tuber  scabbing 
occur,  however,  including  the  superficial  black  scurf  caused  by  the 
fungus  Rhizoctonia  (Corticium)  and  the  warty  outgrowths  known 
as  the  wart  disease.  It  is  probable  that  further  study  will  show  that 
still  other  types  of  scab  occur. 

Wart  disease. — ^The  European  disease  caused  by  the  fungus  Chryso- 
phlyctis  endobiotica  Schilb.  has  recently  been  found  in  ^Kewfoondluid 
(Gussow,  1909)  and  is  liable  to  be  introduced  elsewhere  (Orton  and 
Field,  1910).  It  is  characterized  by  the  appearance  of  warty  out- 
growths of  the  tubers  which  may  ultimately  transform  the  entire 
tuber  into  an  irregular,  deformed,  black  mass. 

Internal  brovm-spot. — In  the  malady  known  as  internal  brown-spot 
the  tubers  outwardly  appear  normal,  but  when  cut  open  rusty  brown 
spots  of  varying  size  are  found  scattered  irregularly  through  the 
flesh.  These  browned  tissues  are  dead,  but  in  typical  cases  are  sterile, 
i.  e.,  free  from  fungous  or  bacterial  invasion.  It  is  evidently  a  non- 
parasitic disease  and,  moreover,  is  not  transmitted  by  the  use  of 
spotted  seed.     Probably  it  is  due  to  malnutrition  (Jones,  1905,  p.  12). 

Other  causes  for  soft-rot — The  bacteria  which  cause  the  brown-rot 
and  the  black-leg  diseases  are  both  capable  of  causing  soft-rot  of  the 
tubers.  Soft-rot  of  tubers  in  storage  or  shipment  from  Califoniia 
has  also  been  shown  by  Orton  (1909,  p.  916)  to  be  due  to  a  black  mold 
(Rhizopus).  If  potato  tubers  are  weakened  or  killed  by  any  cause 
such  as  frost  or  bruising,  especially  if  immature,  and  then  held  in 
storage,  soft^rot  may  follow.  Various  organisms  may  be  associated 
with  such  decay  either  functioning  as  pure  saprophytes  or  else  gain- 
ing such  headway  in  the  dead  tissues  that  they  pass  on  to  the  living 
tiasnee  as  facultative  parasites.  /  ~  i 
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EABLT  OBSBRVATIOire  OV  THE  POTATO  DISEASE  AStO  ITS  CAUSE. 

EARLY  HISTOBT  OF  THE  DISEASE. 

The  potato  was  evidently  cultivated  by  the  native  people  of  certain 
parts  of  the  American  continent  from  prehistoric  times.  The  earliest 
European  explorers  found  it  in  cultivation  in  the  temperate  regions 
of  the  Andes  Mountains  with  the  appearance  of  having  been  a  long- 
cfHltinued  practice.  Tubers  were  carried,  probably  from  Peru  or 
Chile,  to  Europe  in  the  sixteenth  century.  There  is  some  doubt  as  to 
the  exact  dates  nnd  places  of  the  early  importations,  but  the  following 
statements,  founded  largely  upon  Roze's  account  (1808,  pp.  61-85), 
are  at  least  approximately  correct.  The  first  mentioa  of  the  potato 
is  in  1S50  in  a  Spanish  history  of  Peru,  where  it  is  noted  that  the 
natives  near  Quito  cultivated  it.  The  first  clearly  recorded  European 
introduction  is  that  into  England  in  1586  by  Virginian  colonists 
under  the  patronage  of  Sir  Walter  Raleigh,  and  the  first  account  of 
the  cultivation  of  the  potato  in  Europe  is  by  Gerarde,  dating  proba- 
bly from  the  following  year.  There  is,  however,  evidence  that  the 
potato  was  also  introduced  by  the  Spaniards  into  Spain,  possibly  at  a 
somewhat  earlier  date.  Boze  believes  this  may  have  occurred  as 
early  as  1533.  From  Spain  it  was  carried  to  Italy,  Austria,  Ger- 
many, Switzerland,  and  France.  The  first  figures  and  detailed  de- 
scription of  it  in  its  new  home  in  continental  Europe  are  those  of 
Clusius  in  1601  in  his  Bariorum  Plantarum  Historia,  although  Gas- 
pard  Bauhin  in  bis  Phytopinax,  printed  in  Basel  in  1596,  described 
it  and  gave  it  the  scientific  name  it  still  bears,  Solanum  tuherotum. 
During  the  sevraiteenth  century  the  potato  gradually  became,  from  a 
botanical  cariosity  cultivated  only  by  collectors  of  new  plants,  one 
of  the  staple  gardes  and  field  crops.  By  the  latter  half  of  the 
eighteenth  century  it  was  extensively  cultivated  and  recognized  as 
one  of  the  regular  crops  throughout  the  temperate  regions  of  Europe 
and  America,  so  that  Henry  PhiUips  (1822,  p.  78),  who  published  in 
London  in  1822  a  detailed  account  of  the  potato  and  its  culture,  was 
able  to  cite'  a  single  grower  who  planted  300  acres  annually.  Indeed, 
it  furnished  the  principal  food  supply  of  large  parts  of  Ireland  at 
that  time. 

These  historical  data  with  reference  to  the  introduction  and  culture 
of  the  potato  are  cited  in  order  to  point  out  the  peculiar  significance 
of  the  fact  that  previous  to  1830  there  is  no  reference  to  any  potato  . 
disease,  in  Europe  clearly  referable  to  that  caused  by  the  fungus 
under  consideration.  Some  time  between  that  date  and  1845  the  dis- 
ease appeared  almost  ^multaneously  in  Europe  and  Korth  America. 
The  exact  date  of  this  initial  appearance  is  about  as  uncertain  as 
is  that  of  the  introduction  of  the  potato  itself.  Some  botanists, 
indeed,  even  go  so  far  as  to  advance  the  idea  that  the  disease  was 
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introduced  along  with  the  potato,  and  thereafter  was  continuously 
present  in  Europe  but  never  became  general  in  its  spread.  This 
view  seems  Jiardly  worthy  of  consideration,  however,  since  it  is 
scarcely  conceivable  that  so  destructive  a  disease  should  have  long 
escaped  definite  record.  The  known  facts  all  indicate  rather  that  it 
was  first  introduced  into  Europe  during  the  years  1830-1840.  There 
can  be  no  doubt  as  to  the  early  presence  of  the  disease  in  South  Amer- 
ica. De  Bary  (1861,  p.  63),  quoting  from  Hunter's  Krankheiten  der 
Kartoffein,  says  that  as  early  as  1571  the  Jesuit  Joseph  Acosta  had 
observed  that  after  damp  cold  weather  the  tubers  were  often  de- 
stroyed in  the  ground  "  through  gangrene  or  mildew,"  and  Boussin- 
gault  OD  November  17,  1845,  communicated  to  the  French  Academy 
of  Sciences  a  writing  by  Acosta  in  which  he  stated  that  on  the  hi^ 
table-lands  of  Bogota  the  potatoes  on  low  ground  were  everywhere 
destroyed  in  wet  years. 

The  details  as  to  its  introducticm  and  subsequent  spread  in  Europe 
constitute  one  of  the  most  interesting  chapters  in  the  history  of  plant 
pathology.  We  are  indebted  to  the  critical  accounts  of  Jensen 
(1887),  Prunet  (1902),  and  Roze  (1898,  pp.  290-322)  for  most  that 
follows,  especially  as  to  the  spread  of  the  malady  through  Europe.' 

Hallier  (1868,  p.  307)  cites  some  evidence  that  it  may  have  oc- 
curred in  southern  Grermany  and  invaded  the  Rhine  Valley  between 
1830  and  1840.  In  1842  Von  Martius  published  an  illustrated  account 
of  it  as  a  new  disease  of  the  potato  then  popularly  known  as  Stock- 
faule  (st«m-rot)  and  KnoUenfiule  (tuber-rot).  Von  Martius  made 
the  first  scimtific  study  of  the  disease  and  published  the  fir^  descrip- 
tion and  figures,  although  De  Bary  (1861,  p.  7)  erroneously  gives 
credit  for  the  figures  to  Mme.  Lebert,  who  described  it  in  1845  in  a 

'Ab  already  explafaed  It  vaa  loon  proved  tbat  this  disease  was  due  to  the  fungna 
DkirtopHlhor*  infttiaiu,  wbich  la  native  apoa  tbe  vlld  potato  of  ttie  Andean  regloBS. 
It  Be«nu  naaoDable  to  conclade  trom  the  OTldeDce  that  the  outbreak  ot  1840-IS44  fol- 
lowed  within  a  few  jean  tbe  Importation  ot  the  tangan  tronx  Its  native  couatrj  to 
Enrope  and  America.  The  aneatlon  naturally  arlaea  aa  to  why  the  dlaease  wtm  not 
tranaported  In  the  earlier  ablpmentii  of  potatoeB  trom  South  America  to  these  coiutrles. 
Brldeace.  to  be  cited  later,  showa  that  It  may  be  carried  In  tbe  tubers  naed  for  seed 
parposea.     Jensen    (lElBT.   pp.   1S4-10B)    offen   tbe  tollowlDK  IntereatlnK  and  plausible 

He  had  already  found  (1887,  p.  81)  that  the  mycelium  In  tbe  tabera  waa  killed  at  a 
temperature  of  26*  C.  The  elerated  Andean  plateaoa,  where  both  potato  and  tunsua  aie 
native,  hare  oo  temperate  «  climate  that  this  thermal  death  temperature  la  not  reached. 
Any  potato  tutiera  carried  thence  to  Europe  Id  tbe  earlr  sallEng  reHels  must,  hoverer. 
haTe  endnred  long  expororc  lo  a  higher  temperaton  while  passing  through  the  tropical 
•eaa.  Thus,  Jensen  concludes  that  dDTlng  the  flrat  three  centuries  ot  potato  cnltore. 
'  when  the  fungua  was  unknown  In  North  America  or  Enrope,  tbe  potato  tulwrs  were 
being  dlslnfeetad  by  heat  In  the  old  salltug  vessels  while  en  route.  After  tbe  Invention 
oC  the  steamship,  the  time  spent  In  crossing  the  Tropica  was  mneh  diminished.  The 
dale  when  those  vessels  came  Into  genfrsl  use.  the  decade  1830  to  1S10,  corresponds  to 
tbe  date  of  the  earileat  recorded  occurrence  of  the  fnngna  In  the  northern  countries.  These 
ateamers  could  get  out  ot  the  region  ot  the  Tropica  In  eight  or  nine  days  with  lat^ 
ahtpmeols  of  potatoes.  It  would  take  some  time  for  the  large  bulk  of  potnloea  In  the 
hold  ot  tbe  vessel  to  be  penetrated  to  tbe  center  by  a  temperature  of  2S*  C. ;  and  If  In 
•ddiltton  Ice  was  used,  as  Is  commoo  in  vessels  eroaaing  the  Tropics,  there  Is  DO  reason 
why  the  fongna  might  not  be  curled  through  the  hot  bolt  In  thla  wft7> 


EABLT  OBSBBTATtONS  OP  TH£  DISBABB  AKI>  116  CAUSE.         21 

periodical,  "  Organ  des  Flanders."  Von  Martius  gave  it  the  scientific 
name  Gangraena  tuherutn  eolani.  He  communicated  his  results  to 
the  Paris  Acad^ny  of  Sciencea  and  called  the  attention  of  govern- 
ments and  agriculturists  to  the  gravity  of  the  disease,  but  no  precau- 
tions were  taken.  In  1844  the  disease  was  general  throughout 
Germany. 

In  France  Von  Martius  claims  the  disease  already  existed  in  1840, 
according  to  the  "  Echo  du  Monde  Savante"  In  1841  it  was  so 
destructive  in  the  Pfalz,  Germany,  that  it  attracted  the  attenti(»i 
of  the  Boyal  Scientific  Academy  at  Munich,  which  engaged  him  to 
study  the  cause  of  the  trouble.  In  Bdgium  the  disease  was  first 
noticed  in  1842  in  the  provmce  of  Liege,  and  to  Charles  Morreo 
(Roze,  pp.  298-299),  the  director  of  the  School  of  Agriculture,  is 
due  the  first  recommendation,  in  1845,  to  use  the  salts  of  copper  in 
combating  the  disease.  He  ui^;ed  that  the  fields  be  limed  with  a 
compound  consisting  of  25  parts  of  time,  3  of  taUe  salt,  1  of  coppo: 
sulphate,  and  125  of  water.    He  says: 

This  mixture  1b  ivepared  In  a  barrel  and  sprayed  on  tbe  aurface  of  the 
ground.  One  ooglit  to  uee  this  mixture  for  lltnlnK  the  potatoes  eroi  when  It 
Is  somewhat  troublesome.  A  mixture  of  the  same  compoaltloa  without  water 
should  be  used  for  disinfecting  the  soil.  The  rnln  wHI  spread  It  In  the  ground 
and  cause  It  to  act  on  the  germs  of  the  disease.  Ttala  liming  has  for  Its  aim 
the  complete  destruction  of  the  germs  of  the  fongns,  Just  an  a  similar  liming 
destrojB  the  stinking  smut  of  wheat,  the  amut  of  oati^  or  the  ergot  of  rye. 

Morren's  mixture  is  essentially  Bordeaux  mixture  with  an  excess 
of  lime.  Had  he  conceived  its  use  as  a  foliage  spray  instead  of 
merely  ior  soil  treatment,  this  standard  fungicide  mi^t  have  been 
perfected  much  earlier. 

In  Denmark  the  disease  already  existed  in  1642,  according  to 
M.  Fjeldstrup  (1844),  and  by  1844  had  becwne  so  jrtrevalent  that 
meetings  were  being  held  to  discuss  the  calamity.  In  NM'way  the 
disease  was  known  in  1841  to  Westrem  (1851),  the  director  of  the 
School  of  Agriculture  of  that  country.  In  Ireland  Codie  (1892) 
states  that  it  was  present  in  1842  and  in  England  in  1845,  although 
he  says  in  his  book,  "Rust,  MUdew,  &  Mould"  (2d  ed.,  p.  145): 
"  In  all  probability  this  potato  disease  was  present  in  less  striking 
form  one  or  two  years  before  it  took  such  an  alarming  spread."  In 
England  the  development  of  the  disease,  as  recorded  in  the  Garden- 
ers' Chronicle,  seemed  to  proceed  fnnn  south  to  north  in  1845,  the 
first  year  when  it  was  general  and  serioua  The  Danish  journals  of 
the  same  year  note  its  appearance  in  Holland,  then  successively  in 
the  north  of  Germany,  and  finally  in  Denmark,  showing  that  a  simi- 
lar south  to  north  advance  occurred  in  ctmtinental  Europe.  Some 
have  inferred  from  this  that  the  fungus  was  first  introduced  into 
the  south  of  Europe.    JensMi  (1887)  points  out,  howevo*,  that  this 
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is  the  re^lar  sequence  of  developmoit  which  occurs  annuoUy  he- 
cause  of  climatJc  conditions.  Plowright  (1884)  shows  a  similar 
condition  to  obtain  in  the  British  Isles.  He  collated  reports  of  its 
appearance  at  the  end  of  the  month  of  July  for  the  years  1877-1883, 
with  tiie  result  that  out  of  100  reports  from  each  of  four  sections  11 
reported  the  disease  from  Scotland,  25  from  the  northern  counties 
of  England,  56  from  the  middle  counties  of  England,  and  89  frran 
the  southern  counties  of  England. 

In  North  America  the  evidence  seems  conclusive  that  the  disease 
first  appeared  at  about  the  same  years  as  in  Europe.  B.  M.  Wats<Hi, 
of  Boston,  informed  Jensen  (1887,p.l51)  in  a  letter  that  the  disease 
occurred  around  that  city  in  1842 ;  in  1843  it  appeared  around  the  city 
of  New  York  (Prunet,  1902,  p.  664),  and  in  1844  it  was  noted  in 
many  points  in  this  country  and  Canada.  In  1845  Andrew  Bush,  a 
doctor  from  Chester  County,  Pa.,  was  awarded  a  prize  of  $20  by  the 
New  York  Agricultural  Society  for  the  best  essay  on  the  rot  of  pota- 
toes, at  that  time  the  disease  having  been  presrait  in  different  parts  of 
the  State  of  New  York  for  at  least  two  years.  Bush's  essay  is  worthy 
of  more  than  mere  mention,  since  his  ideas  were  undoubtedly  those 
of  the  most  progressive  American  farmers  of  that  time.  The  par- 
ticular phase  of  the  disease  that  impressed  itself  on  him  was  the  so- 
called  "  wet-rot,"  of  whose  stages  he  gives  very  careful  descripticHis. 
Apparently  he  did  not  dearly  associate  the  blighting  of  the  leaves 
with  the  rotting  condition  of  the  tubers,  since  he  attributes  this  rot 
to  "an  epidemic  craidition  of  the  atmosphere,  brought  into  active 
influence  by  heat  and  moisture  and  producing  the  rot  in  the  more 
tender  varieties  of  the  potato,  or  those  raised  from  seed  or  badly 
cultivated,  or  under  any  circumstances  unfavorable  to  their  growth 
or  preservation."  His  recommendations  are  to  (1)  plant  sound  pota- 
toes from  regions  where  the  disease  has  not  appeared ;  (2)  give  them 
plenty  of  nutrition, in  the-  form  of  lime,  soda,  potash,  etc ;  (3)  inter- 
mix, in  planting,  potatoes  of  the  same  or  different  varieties  cultivated 
in  different  soil  or  climate,  to  give  the  plant  germinal  stimulus;  (4) 
plant  whole  potatoes  in  order  to  produce  vigorous  shoots;  (5)  mature 
the  potato  within  120  days  of  planting,  i.  e.,  plant  early  varieties; 
(6)  take  the  potatoes  up  as  socm  as  possible  and  store  them  in  a  cool, 
dry  place.  From  this  it  will  be  seen  that,  while  Dr.  Bush  had  not 
apprehended  the  real  cause  of  the  disease  as  clearly  as  had  'V<hi 
Martins  in  Europe,  nevertheless,  his  recommendatitms  for  field  prac- 
tice in  combating  it  were  most  excellent. 

The  year  1845  marked  the  culmination  of  the  epidemia  It  swept 
through  Europe  and  North  America,  devastating  the  potato  fields, 
frequently  leaving  famine  in  its  wake.  In  America  it  was  most  felt 
in  Nova  Scotia  and  New  Brunswick  (Farlow,  1876),  where  the  potato 
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was  the  leading  crop.  In  Europe  none  of  the  potato-growing  sections 
were  exempt,  but  the  loss  was  most  disastrous  in  Ireland.  In  1845 
over  4  per  cent  of  all  the  land  of  Ireland  was  planted  with  potatoes 
and  a  majority  of  the  8,000,000  people  were  dependent  upon  them  for 
food.  There  never  were  enough  potatoes  planted  to  last  during  the 
entire  year — at  best  three  months — June,  July,  and  August  being 
"  meal  months."  When  practically  the  entire  potato  crop  failed,  the 
suffering  was  intense.  Every  form  of  government  and  private  aid 
was  extended,  but  in  spite  of  this  about  a  quarter  of  a  million  people 
died  of  famine  or  from  the  fever  resulting  from  lack  of  food.  Since 
1845  the  disease  has  occurred  in  all  the  potato-growing  countries  of 
the  world,  although  no  subsequent  epidemic  has  equaled  that  one. 

EABLT  INVB8TIGATI0N8  OF  THE  CAUSE  OP  THE  OIBEASE. 

When  the  disease  became  epidemic  in  1842—1845  little  exact  knowl- 
edge was  available  concerning  the  relation  of  parasitic  fungi  to  plant 
diseases.  The  stimulus  to  intensive  study  of  plant  pathology  occa- 
sioned by  this  outbreak  was  enormous.  Norton  (1846,  p.  330), writing 
from  Edinburgh,  Scotland,  in  1845,  says: 

To  the  poor  (In  these  European  countries)  the  potato  may  be  considered  the 
start  of  life.  In  many  parts  thousands  of  fiimllles  rarely  obtain  any  other  food 
from  one  year's  end  to  another.  The  disease  became  a  natural  calamity.  The 
fear  of  famlue  became  nnlTerBnl,  and  every  energy  Is  aroused  to  aiert  the 
danger.  Something  must  be  done  or  the  potato  bids  fair  to  become  extinct. 
Scientlflc  men  in  various  countries  have  accordingly  turned  their  attention  to 
It  and  In  most  cases  have  been  aided  either  by  tbelr  respective  governments 
or  by  agrlcnltural  societies.  Among  the  first  on  the  continent  was  a  commission 
from  Holland  and  Belgium.  In  Germany,  I.lebig,  among  others,  has  turned  bis 
Attention  to  the  subject.  M.  Payen  has  lately  published  three  or  four  reports 
containing  the  results  of  elaborate  microscopical  and  chemical  researches: 
BoulBStngault.  A.  Peros,  and  others  have  also  made  public  their  opinions.  In 
Britain  and  Ireland  a  great  p<»'tlon  of  the  best  scientific  and  practical  men  are 
now  uuiClug  their  efforts.  Tlie  Eugtlah  Govcnmicut  lias  sent  to  Ireland  three 
fompeteat  chemists,  with  Dr.  Llndlay  as  botanist  and  physiologist. 

At  first  there  was  the  most  extreme  difference  of  opinion  as  to  the 
cause  of  the  disease.  Again  quoting  from  Norton  (p.  367)  as  well 
reflecting  this  state  of  affairs: 

Some  ascribe  the  disease  to  electricity,  some  to  atmospheric  Influence,  some 
to  wet  season,  some  to  wet,  drought,  and  frost)  combined,  some  to  insects 
or  anlmalculte,  some  to  ruptures  of  the  cell,  some  to  decomposition  of  pro- 
teins.' others  to  Tangl,  others  to  a  diseased  and  vitiated  constitution  in  the 
potato  weakened  by  long  and  high  cnltivatlon,  others  unite  nearly  all  of  tbe 
sbore,  others  still  ascribe  it  to  a  direct  visitation  of  Providence,  and  yet  another 
class  declare  that  they  know  nothing  about  It  I  think  these  last  are  the  safest 
at  preset 
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Of  course,  such  a  battery  of  investigations  soon  discloeed  the  fact 
that  a  fungus  was  associated  with  th«  disease,  but  the  majority  at 
first  were  of  the  opinion  that  this  was  a  result  or  sequence  of  the  dis- 
eased state  rather  than  the  active  cause.  So  far  as  we  can  leam,  the 
first  scientific  writer  to  ascribe  the  disease  to  a  parasitic  fungus  was 
Von  Martins  (J845),  whose  figures  of  the  fungus,  whUe  crude,  are 
easily  recognizable.  In  1815  Morren  affirmed  the  same  idea  and 
adduced  in  its  favor  experimental  evidence  based  on  inoculations. 
Moreover,  Morren  based  his  field  treatment,  already  outlined  (p.  21) , 
on  the  assumption  that  the  spores  of  the  fungus  carried  the  disease 
from  plant  to  plant.  The  fungus  was  described  by  Montagne,  Sep- 
tember 3, 1845,  under  the  name  Botrytis  infestana. 

The  discovery  and  description  of  the  fungus  were  only  one  step, 
however,  in  the  settlement  of  the  controversy  as  to  its  causal  relation. 
Opposed  throughout  to  Von  Martins  and  Morren  were  all  the  igno- 
rance and  superstition  of  the  time,  backed  by  such  authorities  as 
Schacht,  Descaisne,  and  Berkeley  (Prunet,  1902,  p.  99).  The  opinion 
held  by  men  like  Schacht  was  that  the  fungus  was  only  a  saprophyte 
following  clpsely  some  physiological  disturbances  in  the  leaf  and  prob- 
ably aggravating  the  trouble.  The  opposition  to  the  idea  of  the  para- 
sitism of  the  fungus  was  too  great,  and  for  a  decade  after  the  dis- 
covery of  the  Phytophthora  it  was  generally  regarded  as  incidental 
to  the  disease,  not  its  efficient  cause,  and  Vcm  Martina  and  Morren 
were  discredited. 

Speerschneider  (1857)  was  able  to  demonstrate  for  the  first  time 
that  the  spores  borne  on  the  leaves  are  capable  of  carrying  the  dis- 
ease from  them  to  the  tubers,  but  as  Von  Holle  (1858),  who  repeated 
his  work  the  following  year,  was  unable  to  get  the  same  results  the 
question  remained  unsettled.  It  was  left  for  De  Bary  (1861,  1863) 
to  complete  the  demonstration ;  his  masterly  work,  which  will  be 
reviewed  later,  has  left  no  doubt  ns  to  the  parasitism  of  the  fungus 
and  its  causal  relation  to  the  disease. 

NOMBNCI.ATCEE  AMD  OCCURHENCE  ON  OTHER  HOSTS. 

There  was  natnrally  scone  confusion  concerning  tlie  nomenclature 
of  the  fungus  in  connection  with  these  earlier  studies.  This,  to- 
gether with  the  facts  as  to  its  occurrence  on  other  host  plants,  was 
determined  by  the  studies  of  De  Bary  and  others  later.  It  will 
simplify  the  method  of  presentation,  however,  to  summarize  here 
the  facts  as  to  both  of  these  matters. 

The  scientific  naming  of  the  fungus  associated  with  Uie  i 
(Prunet,  1902,  p.  98)  is  as  follows: 
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1842.  Ton    MartluK,    Oanoraena    tvbe- 

1345.  Montague,  Botrj/tU  infestani.* 
1810.  Lebert,  BolrytU  devastatrla.' 
184S.  DesmaxiereB,  Botrytia  follax.' 
18M.  Hartig,  BotrytU  (olonf.* 
1847.  Unger,   Peronoapora    trtfurcata* 


Pertuuapora      ftntel- 


18G2.  CaqwiT, 

marmi.' 
185ti.  Caspary,  Peronoapora    dwtuta- 

trix.' 
1963.  Dft  Bary,  ParoBoipora  in/Mtotw.* 
1876.  De    Bar;.    Phv^opAtAora    (a/ea- 


The  scientific  name  for  the  fungus  as  written  is  accordingly  Phy- 
tophthora  infestans  (Mont.)  De  Bary.  De  Bary  at  first  followed 
TTnger  (1847)  in  placing  the  fungUB  in  the  genus  Peronospora,  but 
in  connection  with  his  special  study  of  it  for  the  Britidi  Agricultural 
Society  (1875)  he  created  the  new  genus  Phytophthora  on  account 
of  the  peculiar  mode  of  production  of  the  conidia ;  several  conidia, 
instead  of  one,  being  successively  formed  at  the  end  of  each  branch 
of  the  treelike  conidiophore,  each  conidium  leaving  behind  it  a  swell- 
ing on  the  branch.  No  other  species  of  similar  character  was  then 
known,  but  six  species  have  since  been  added  (Wilson,  1907,  pp. 
387-393;  Klebahn,  1909;  and  Coleman,  1910,  pp.  620-621).  The 
species  of  Phytophthora  now  known  are  as  follows : 

Phytophthora  cactorum  (Cohn  and  Lebert)  Schroter.  {P.  om- 
rdvora,  De  Bary ) ,  This  fungus  attacks  seedlings  and  the  soft  tissues 
of  mature  plants  ranging  through  15  families  from  the  Pinacese  to 
the  Scrophulariaceee,  and  of  wide  geographical  range,  A  variety  of 
this  species  (var.  arecae  Coleman)  is  a  parasitic  on  the  areca  palm. 

Phytophthora  colocadae  Kacib.,  a  tropical  fungus  occurring  on  the 
taro  {Colocaeia  atUiguorumi) . 

Phytophthora  idcotianae  Van  Breda  de  Haan,  a  tobacco  pest  in  the 
East  Indies. 

Phytophthora  phaseoli  Thaxter,  occasionally  occurring  on  the 
Lima  bean  {Phaaeolus  lunaMia)  in  the  eastern  United  States. 

Phytophthora  thalictri  Wilson  and  Davis,  recently  discovered  by 
Davis  in  Wisconsin  on  Th(Uictrum  purpurasceiig. 

Phytophthora  eyringae  Klebahn,  related  to  P.  cactorum;  occurs  on 
lilacs,  especially  when  stored  for  forcing. 

Phytophthora  theohromae  Coleman,  parasitic  on  Theobroma  cacao 
and  other  plants. 

■  Die  Kartoffel-Bpldemle  der  letcen  Jahre  oder  die  Stockflnle  and  RSnde  der  EartoflelD, 
Munich,  1842. 

■L'iDStltut,  DO.  609.  1846.     8ocl«t«  Pbllomathtgue  de  Psiis,  Anput,  1846. 
■BeTne  Botanlqae  de  Ducbatre,  toI.  1,  p.  161.    JoDmal  de  Liege,  August  19,  1S4R. 

■  Crrptosamea  de  Franc*.  Irt  «d.,  p.  49Z. 

■Aanales  des  ScleDcet  NatarellcB,  Botanlque,  ser.  S,  toL  S,  1S46. 
•Botaalicbe  Zeltntlg.  1S4T.  p.  314. 

•  V?rh>adlDDgen  den  Verelo  lur  BetSrderuas  des  Qirtaibaiies  In  den  kflnlgUch  preaa-   - 
UKben  Btuten,  1S62,  p.  327. 

•  UmalBbertchte  der  Berliner  Akademle  dec  WlM«D|cha(teti,  Vaj,  18S5. 

•  AtmalrH  dea  SclenceB  NaturellPB.  Botanlqna,  ser.  4,  vol.  20,  1803,  p.  104. 
"Jonmil  of  Botan;,  IBTS,  p.  106. 
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It  is  also  to  be  noted  that  the  potato  is  not  the  only  host  of 
Phytophthora  infeatans.  De  Bary  (1876,  pp.  126,  149)  mentions 
that  it  has  as  hosts  not  only  a  number  of  other  species  of  the  Solana- 
cee  grown  in  gardens,  but  that  he  has  observed  it  on  one  of  the 
exotic  species  of  the  Scrophulariacese,  Schisanthue  grahami,  and  that 
Berkeley  has  described  a  case  where  it  occurred  on  another  one  of 
the  same  group,  Anthocerds  viscosa,  from  New  Holland.  It  fre- 
quently happens  that  it  becomes  as  destructive  to  the  tcnnato  as  to  the 
potato,  and  the  first  attempt  in  using  the  Bordeaux  mixture  against 
it  was  by  Jouet  (Prunet,  1902,  p.  356)  on  the  tomato.  De  Lagerheim 
(Prunet,  1902,  p.  269)  has  found  it  on  the  edible  fruits  of  Solanum 
mimcatum  at  the  equator,  on  SoUmufii  caripeaae  at  Quito,  and  on 
Petunda  hyhnda  at  TJpsala. 

lATIOl  STUDIES  OF  THE  FUKQUS  AKD  BEHEDIAL  1IEABUIIE& 

RELATIONS  OP  THE  PARABITE  TO  THE  HOST  PLANT. 

CADSE  OF  THB  PISEABE. 

It  has  already  been  explained  how  it  remained  for  De  Bary  (1863, 
pp.  69-68)  fully  to  establish  the  fact  that  inoculation  of  healthy 
potato  leaves  with  the  spores  from  diseased  leaves  would  lead  to 
the  same  malady  in  them.  It  is  to  him,  in  this  same  publication,  that 
we  owe  our  first  accurate  knowledge  of  the  relation  of  the  parasite 
to  its  host  plant.  He  found  that  by  sowing  the  Phytophthora  spores 
on  the  unaffected  leaves  the  germ  tubes  would  penetrate  the  epidermis, 
develop  the  mycelium  intercellularly  in  the  parenchyma,  and  cause 
the  diseased  spots.  The  manner  in  which  the  spot  increased  centrifu- 
gally  and  the  transfer  of  the  disease  to  the  stalk  and  tubers  were  also 
noted  by  him. 

The  following  account  by  De  Bary  (1863,  pp.  46-47)  will  give  a 
clear  idea  of  his  understanding  of  the  development  of  the  pai^ite 
and  its  infection  of  the  potato: 

On  the  9th  of  February,  at  5  o'clock  In  the  evening,  the  conldla  were  »own 
In  drops  of  water  on  gl&Bs  slides.  They  were  then  pat  on  stems  cnt  from  the 
potato  and  placed  in  a  damp  chamber.  At  7.15  the  zooeporea  were  fully  devel- 
oped and  bad  pn^ed  out  a  germ  tube.  On  the  morning  of  February  10  It 
was  found  that  tbese  germ  tubes  bad  penetrated  Into  the  potato  tissue;  on  the 
11th  of  February  the  mycelium  had  expanded  freely  In  the  Intercellular  epacts 
of  the  parencbymn,  Ijelng  found  to  a  depth  of  six  cell  layers.  February  14 
the  mycelium  bad  gone  through  the  whole  parenchyma  and  numerous  conl- 
dlopbores  were  coming  upon  the  surface  of  the  stems.  Many  trials  seemed  to 
give  the  some  results.  I  will  citfl  two :  Sporangia  sown  at  noon  prodneed 
Eoospores  at  1  o'clock.  At  3  o'clock  the  germ  tubes  could  already  be  seen  burled 
in  the  wall  of  the  hoet  cells.  F^mary  4  ronldia  were  sown  on  potato  leaveB ; 
the  fifth,  the  germ  tubes  had  penetrated :  the  eighth,  one  of  the  Infected  leaves 
Bhowed  conldla ;  the  ninth,  the  conldlophores  am>eared  on  the  other  leaves, 
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Fio.  0. — Stretch  ahowlns  the  success  Ire  staiceB 
In  the  deTctopment  ■od  alwlrlctlau  of  the 
rouidU  □(  PligiopHlhora  tnfetiaiu.  (After 
Wart.) 


UIOBOBCOPIO  BTRTnrtDBX  OT  THE  PARABITB. 

In  order  to  make  a  closer  examination  of  the  fungus  it  is  necessary 
to  cut  thin  sections  from  a  diseased  leaf  and  examine  them  under 
the  compound  microscope.  It 
will  then  be  seen  that  the  non- 
septate  mycelial  threads  of 
the  parasite  occupy  the  inter- 
cellular spaces  of  the  potato 
leaf  and  that  through  the 
stomata  issue  slender  branches, 
the  conidiophores,  bearing 
ovoid  conidia  at  the  ends  or 
occasionally  on  the  sides  of 
their  smaller  branches  (figs. 
3  and  5).  It  is  noticeable 
that  the  walls  of  these  conid- 
iophores, probably  in  order  to  give  them  necessary  stiffness,  are  much 
thicker  than  those  of  the  hyphse  in  the  leaf  and  frequently  have  cross 
walls  and  that  the  side  branches  are  swollen  at  places 
marking  the  points  where  conidia  have  been  borne. 
The  mycelium  shows  the  structure  common  to  the 
fungi  of  this  group— large,  nonseptate,  thin-walled 
hyphoe,  containing  many  nuclei  (PI.  VIII,  flg.  48). 
The  conidia  are  borne  on  the  aerial  branches,  most 
abundantly  on  the  under  side  of  the  leaf;  in  shape 
they  are  ovoid  with  a  short  stalk  and  an  apiculate  tip 
(figs.  3  and  6).  They  are  multinucleated  as  soon  as 
formed  and  when  mature  contain  7  to  30  nuclei  (PL 
VIII,  fig.  49).  The  germination  of  this  conidium  may 
take  place  in  either  of  two  ways:  (1)  Directly,  i.  e., 
by  pushing  a  single  germ  tube  usually  through  the 
apiculate  apex  (fig.  6),  or  (2)  indirectly,  i.  e.,  by 
splitting  up  into  a  variable  number  of  hiciliate  zoo- 
spores (flg.  7),  which,  after  swimming  about  for  a 
short  time,  lose  motility,  withdraw  the  cilia,  form  a 
wall,  and  jtush  out  a  germ  tube. 

It  was  shown  by  De  Bary  (1863,  pp.  42-43)  that 
nvironmental  conditions  may  determine  which  of  these 
nytopMhw^  two  methods  of  germination  is  followed.  He  was  un- 
to/MiiiiM  by  able  to  determine  the  exact  conditions  for  producing 
don.  (After  One  or  the  other  type,  since  direct  germination  occurred 
'^■r^-t  occasionally  even  where  zoospore  formation  predomi- 

nated.    He  reached  the  conclusion,  however,  that  light  hindered  the 
production  of  zoospores.    The  production  of  zoospores  occurred  in 


sbawlng 
direct    rerml- 
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conidta  when  they  were  sown  on  cut  potato  tubers,  but  he  found 
(1863,  p.  41)  that  the  other  method  of  direct  germination  is  the  more 
common  one  in  this  case,  although  he  also  frequently  obtained  the 
normal  production  of  zoospores. 

This  is  in  accord  with  the  experience  of  the  writers  in  finding^  that 
sowing  the  conidia  in  potato  juice  favors  direct  germination.  It  is 
also  found  that  temperature  affects  the  process.  At  25°  C.  more  than 
50  per  cent  of  the  germinations  are  by  tubes,  while  at  10°  to  20°  C. 
from  60  to  70  per  cent  produce  zoospores  and  direct  germination  Is 
exceptional.  De  Bary  states  (1876,  p.  240)  that  each  sporangium 
produces  3  to  8  zoospores.  Although  we  have  not  made  counts  dur- 
ing germination  we  have  found  that  there  are  more  than  this;  indeed, 
De  Bary's  figures  (1876,  p.  242)  would  so  indicate.  As  evidence 
upon  this  point  our  staining  shows  the  conidia  to  have  iiom  5  to  30 


nuclei.  Since  the  swarm  spores  are  uninucleate  they  must  equal 
this  number. 

While  the  conidia  are  always  figured  as  being  borne  on  conidio- 
phores  outside  the  leaf  we  have  found  that  they  may  also  be  borne 
internally  in  the  mesophyll.  Usually  these  internal  conidia  occur 
singly  as  short  side  branches  at  any  point  on  the  mycelium,  but  more 
commonly  on  the  hyphte  which  traverse  the  air  chambers  below  the 
stomata.  These  internal  »>porangia  were  apparently  of  the  same 
type  ns  the  aerial  ones.  Their  occurrence  within  the  tissue  of  the 
leaf  is  of  interest  and  of  possible  significance  as  bearing  upon  the 
nature  of  the  resting  spores  discussed  later  in  this  bulletin. 

The  related  Peronosporales  typically  produce  sexual  resting  spores, 
oospores,  and  De  Bary  and  others  have  searched  persistently  tar 
such  spores  in  potato  leaves  and  tubers  and  in  other  hoet  plants  in- 
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vaded  by  Phytophihora  infestam.  It  must  suffice  at  this  point  to 
record  that,  although  some,  notably  Smith  (1875, 1876)  and  Smorsw- 
gky  (1890),  have  stated  that  they  found  them,  the  evidence  they  pre- 
sented to  substantiate  their  claim  has  not  been  accept«d  as  conclusive. 
Since  our  own  investigations  bearing  on  this  point  have  been  con- 
ducted almost  entirely  through  the  use  of  pure  cultures  the  results 
will  be  discussed  later  in  ciHinection  with  them. 

BEX.ATIOS  OF  THE  ruSOlIB  TO  THE  HOKT  TUSUIS. 

A  careful  examination  of  the  relation  of  the  fungous  hyphse  to  the 
host  cells  of  the  leaf  will  show  that,  as  De  Bary  (1876,  p.  275)  noted, 
they  press  against  the  walls  so  closely  that  these  are  occasionally  pu^ed 
in  and  sometimes  penetrated.  These  finer  structures  can  be  best 
studied  in  properly  fixed  and  stained  sections.  It  will  be  seen  then 
that,  as  Mangin  (1895)  has  already  described,  this  penetration  of 
the  host  parenchyma  cells  is  not  a  rare  occurrence,  as  De  Bary 
thought  it  to  be,  but  that  it  is  very  frequent,  particularly  in  the  lower 
epidermal  cells.  The  overshadowing  effect  of  De  Bary's  work  has 
led  subsequent  mycologists  in  general  to  assume  that  since  he  was 
unable  to  discover  any  true  haustoria  in  the  leaves  there  are  none. 
It  must  be  remembered,  however,  that  he  depended  entirely  upon 
free-hand,  unstained  razor  sections,  whereas,  properly  stained  micro- 
tome sections  will  confirm  the  statement  of  Mangin  (1895)  that 
many  of  the  parenchyma  cells  are  penetrated  by  slender  branches, 
which  undoubtedly  serve  as  haustoria.  The  appearance  of  such 
branches  constitutes  good  presumptive  evidence  that  they  function 
actively  as  special  absorbing  organs,  and  this  idea  is  further  sup- 
ported by  the  rapid  collapse  and  death  of  the  potato  parenchyma 
following;  the  fungous  attack. 

Very  little  can  be  made  out  of  the  relation  of  the  haustorium  to 
the  potato  cell,  on  account  of  its  small  size,  but,  as  happens  in  many 
other  species,  such  as  the  Erysiphacese,  the  host  cell  wall  is  extended 
down  so  as  partly  to  inclose  the  parasitic  branches.  The  fungus 
apparently  soon  dies  in  the  black  portion  of  the  spot  where  the  host 
cells  are  all  dead,  unless  it  be  kept  moist,  but  it  continues  to  grow 
and  to  fruit  on  those  that  have  the  chromat<^hores  largely  disorgan- 
ized. This  ability  to  live  in  a  partly  saprophytic  stage,  while  prob- 
ably of  limited  duration  in  the  normal  course  of  development  of  the 
fungus,  is  probably  the  same  that  enables  it  to  grow  on  the  various 
culture  media  to  be  described  later.  The  condition  of  the  host  cells 
is  also  interesting  at  this  time.  The  fungus  does  not  disorganize 
the  chlorophyll  bodies  at  once,  but  cells  that  are  completely  sur- 
rounded by  the  fungous  mycelium  still  ^ow  chloroplasts  full  of 
starch  graina  It  is  not  certain  as  to  Just  the  meaning  of  this,  whi<^ 
3iB  >^jOt.>k^lc 
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is  a  not  infrequent  result  of  fungous  parasitism.  The  leaf  cells  ma; 
be  able  to  continue  the  manufacture  of  starch  even  in  the  presence  of 
the  parasite,  or  it  may  be  that  the  attack  is  so  sudden  that  the  cell  is 
caught  with  its  chloroplasts  full  of  starch  and  is  unable  to  secrete 
the  necessary  diastase  to  translocate  it. 

The  relation  of  the  fungus  to  the  cells  of  the  potato  tuber  was  also 
given  some  attention  by  De  Bary  (1876,  p.  250),  who  found  that  the 
mycelium  here,  as  in  the  leaf,  lay  largely  between  the  cells,  but  that 
small  branches,  which  he  called  suckers,  were  pushed  into  their  in- 
terior. Delacroix  (1903,  pp.  360-362)  in  later  years  described  what 
he  considered  true  haustoria  in  the  infected  tissue  of  the  potato  tuber. 
When  we  liad  perfected  the  methods  of  handling  the  fungus  in  pure 
cultures  on  potato  blocks,  as  described  on  a  later  page,  attention  was 
turned  to  this  question.  The  Delacroix  material,  of  which  he  cour- 
teously gave  us  a  slide  for  examination,  was  taken  from  naturally 
infected,  decaying  tubers.  Tor  our  studies  thin  slices  were  cut  and 
sectioned  from  potato  blocks  on  which  the  fungus  was  growing  in 
pure  culture.  The  sections  were  cut  frran  the  blocks  at  right  angles 
to  the  surface,  immersed  in  a  5  per  cent  solution  of  caustic  potash  to 
clear  the  starch,  rinsed  in  water,  further  clarified  by  immersion  in 
eau  de  Javelle,  again  rinsed,  and  then  stained  for  a  short  time  in  a  1 
per  cent  lactic-acid  solution  of  cotton  blue,  as  advised  by  Delacroix.' 

If  properly  manipulated  this  solution  gives  a  faint  differential 
stain  to  the  mycelium.  Our  examination  fully  confirms  Delacroix's 
statement  as  to  the  occurrence  of  the  haustoriumlike  branches  pene- 
trating the  tuber  cells  (PI.  VIII,  fig.  53).  It  seems  a  reasonable  in- 
ference that  these  haustoria  contribute  to  the  disorganization  of  the 
protoplast  both  by  the  action  of  toxic  or  enzymic  secretion  and  by 
tJie  ultimate  absorption  of  some  part  of  the  cellular  contents.  The 
actual  rotting  of  the  tuber  is  due,  however,  as  Delacroix  {1903,  pp. 
365-373)  has  shown,  to  other  fungi  and  particularly  to  the  bacteria 
which  follow  the  Phytophthora  closely  and  cause  the  soft-rot  that 
develops  in  wet  soils.  This  is,  perhaps,  most  convincingly  shown 
where  the  fungus  is  grown  in  pure  culture  on  sterile  raw-potato 
tissues  in  the  method  explained  later  in  this  bulletin.  Such  potato 
tissue  is  never  soft«ied. 

UODK  OF  TUBEB  inFEorioir, 

The  mode  of  infection  of  the  tubers  in  the  soil  is  a  phase  of  the 
disease  that  was  carefully  studied  first  by  De  Bary  and  later  by 

'The  detallR  of  the  method  arc  that  after  clearing  the  starch  bf  the  potash  aolntla&'luiil 
riming  In  water  they  wece  allowed  to  remaic  In  eau  de  Juvelle  10  oilnatea.  Thej  were 
then  trsnifetreil,  after  washing  In  water,  to  a  atalnlng  lolntlon  made  Op  M  tollowB  ;  1  c.  e. 
of  a  aDlurated  squKius  solution  ol  cotton  blue  was  added  to  9  c.  c.  at  water,  tben  3  or 
4  drops  of  tbla  diluted  solution  were  translerml  to  10  e.  e.  of  a  1  per  cent  salntlon  of 
lactic  add.  In  wtilcb  the  sections  were  allowed  la  NDoalo  orecBlfbt.  ^M  Motion*  «*n 
Qien  washed  In  water  and  mounted  In  KlTaarlii.  /  ~~  I 
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Jensen  (1887).  De  Bary  showed  that  such  tuber  infection  does  not 
occur,  as  might  naturally  be  expected,  by  the  downward  growtii  of 
the  mycelium  from  infected  leaves  through  the  stem  to  the  tuber. 
He  satisfied  himself  that  it  came  instead  from  the  spores  falling  or 
being  washed  from  the  leaves  into  the  soil.  Appreciating  the  bearing 
of  this  method  of  infection  upon  possible  remedial  measures,  Jensen 
(1887)  conducted  painstaking  experiments  to  determine  the  relation 
of  soil  texture  and  depth  to  such  infection  of  tubers.  He  states  that 
when  spores  in  water  were  poured  upon  a  soil  filter  he  found  that 
less  than  1  per  cent  of  them  were  able  to  penetrate  to  a  depth  of  5.2 
cm.  (2  inches)  and  that  none  of  them,  or  at  most  very  few,  were 
able  to  penetrate  to  a  depth  of  13  cm.  (5  inches).  M<weover,  light, 
Bandy  soils  held  the  spores  much  better  than  heavy  clay. 

The  following  experiment,  recently  made,  gives  evidence  of  the 
correctness  of  Jensen's  general  conclusion,  although  it  shows  that  he 
relied  too  much  on  his  soil  filtration.  Two  similar  trenches  were  dug, 
side  by  side,  in  a  sandy  garden  soil.  Each  trench  was  40  inches  long 
by  15  indies  wide  and  of  depths  varying  frMn  4  inches  at  one  end  to 
10  inches  at  the  other.  Each  trench  was  then  divided  into  three  equal 
parts  by  upright  boards  set  crosswise  and  23  healthy  Green  Moun- 
tain potato  tubers  were  buried  in  each  compartment.  In  one  trench 
(A)  clay  soil  was  used  for  burying  the  tubers  and  in  the  other  (B) 
a  light,  sandy  soil.  In  each  trench  the  upper  surfaces  of  the  tubers 
were  covered  to  a  depth  of  one-half  inch  in  the  shallow  compartment, 
of  3  inches  in  the  middle  cxnpartment,  and  of  6  inches  in  the 
deepest  compartment.  Branches  cut  from  blighting  potato  plants, 
with  an  abundance  of  Phytophthora  in  fruit,  were  then  laid  upon 
tiie  surface  of  each  trench  and  sufficient  water  sprayed  on  them  to 
wet  down  the  soil  thoroughly.  A  piece  of  sacking  was  then  placed 
over  the  soil  and,  as  the  weather  was  dry,  the  soil  was  again  sprayed 
on  each  of  the  two  succeeding  days  to  insure  an  abundance  of  mois- 
ture such  as  is  most  favorable  under  natural  conditiims  for  the 
development  of  the  rot.  At  the  end  of  15  days  the  trenches  were 
opened  and  the  tubers  compared  as  to  infection  by  the  fungus,  with 
results  as  shown  in  Table  I. 
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Jensen's  remedial  MEAsmtES. 

Deep  burying  of  the  tubers. — As  a  result  of  his  experiments  Jensen 
devised  a  method  of  culture  designed  to  protect  the  tubers  from  pri- 
mary infection  by  deep  burying  during  late  summer.  This  he  was 
able  to  do  by  heaping  up  the  soil  in  ridges  with  steeply  sloping  sides 
until  the  vines  were  partly  covered  and  the  tubers  were  buried  to 
such  a  depth  that  there  would  be  no  danger  that  the  zoospores  could 
get  throu^  the  overlying  soiL  Assimiing  that  the  potato  rows  were 
78  cm.  (31  inches)  apart,  he  recommends  an  addition  of  a  layer  of  10 
to  12  cm.  (4  to  5  inches)  in  thickness  above  the  tubers,  although,  be 
saj^,  a  layer  of  7  to  S  cm.  (2^  to  3  inches)  suffices  in  light  soil,  making 
a  hill  28  to  30  cm.  (11  to  12  inches)  high  from  the  bottom  of  die 
furrow.  It  is  reccHmnended  that  this  be  done  about  10  days  before 
flowering.  In  this  manner  the  tubers  could  be  kept  sound,  even 
thou^  the  vines  were  devastated  by  the  fungus. 

This  method  of  baokiiig  up  the  rows  very  high,  while  successful  in 
preventing  the  disease  on  small  trial  plats,  was  later  proved  to  be 
impracticable,  since  it  caused  a  considerable  loss  in  yield.  This  is 
probably  due,  as  pointed  out  by  Peterman  (Fnmet,  1902,  pp.  8S5- 
356),  who  tried  the  Jensen  method  at  the  agricultural  station  at 
Gembloux,  to  the  strongly  inclined  sides  of  the  rows  shedding  most 
of  the  water  during  rainfall  and  during  dry  weather  increasing  the 
evaporation  by  their  slopes.  In  this  way  the  tubers  do  not  get  suffi- 
cient water  for  their  proper  development  and  the  yield  is  diminished. 
It  is  a  method  that  can  be  successfully  employed  only  in  rainT  eaasons 
or  in  a  very  humid  climate. 

Tuber  disinfection. — Jensen  also  conducted  extraisive  espaiments 
on  the  care  and  disinfection  of  tubers  already  invaded  by  the  fungus^ 
the  results  of  which  are  of  possible  importance  to  the  practical  man 
as  well  as  to  the  mycologist.  These  experiments  were  based  laigely 
on  the  facts  he  learned  as  to  the  thermal  death  point  and  the  opti- 
mum conditirais  of  temperature  and  moisture  for  the  fungus.  The 
death  point  for  the  spores  was  found  to  be  about  25"  C,  while  the 
mycelium  in  the  tuber  was  all  killed  by  an  exposure  of  the  tuber  to 
a  temperature  of  30°  C.  for  65  hours,  35°  C.  for  16  hours,  or  40°  C. 
for  4  hours.  The  fungus,  on  the  other  hand,  would  not  produce 
spores  at  or  below  a  temperature  of  5°  C,  moisture  being  required, 
of  course. ,  Ag  a  result  of  these  observations  he  recommended  tliat 
tubers  suspected  of  harboring  the  fungus  be  stored  in  dry  cellars  in 
which  the  temperature  did  not  rise  above  5°  C,  since  this  wUl  suffice 
to  hold  the  disease  in  check.  For  purposes  of  dianfection  he  further 
recommended  that  potatoes  designed  for  use  as  seed  be  subjected  to 
a  temperature  of  ^°  C.  for  4  hours  in  a  water-jacketed  chanaber. 
So  long  as  the  tubers  are  not  in  contact  with  the  water,  this  tranpera- 
M8  rui,z...vCooi^lc 
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tore,  although  considered  sufficient  to  insure  the  destruction  of  the 
fungus  within  th«  tubers,  was  found  not  to  injure  the  germination 
of  the  potato  itself.  It  would  seem  that  so  simple  &  meUiod  as  this 
for  seed  disinfection  would  have  found  immediate  favor  in  practice, 
e^wcially  in  the  potato-growing  secticms  of  Europe,  which  suffer  so 
regularly  from  this  disease.  As  a  matter  of  fact,  however,  its  use 
never  passed  the  experimental  stage  so  far  as  we  can  learn.  The 
chief  reason  fcnr  this  is  probably  because  no  one  has  demonstrated 
by  Held  experiment  that  such  disinfection  pays.  Trials,  though  on 
rather  a  small  scale,  made  at  the  Vermont  station  failed  to  show  any 
practical  benefit,  and  this  experience  seems  to  have  been  genra^. 
The  further  explanation  of  this  failiu-e  probably  lies  chiefly  in  the 
fact  that  unless  sudi  disinfection  were  to  be  practiced  by  all  grow- 
ers simultaneously  over  a  large  area  it  would  do  little  good,  since 
with  favoring  weather  conditions  the  fungus  would  spread  very 
rapidly  over  a  wide  territory  from  any  untreated  field  remaining  as 
a  center  of  infection.  Moreover,  it  often  seems  difficult  to  account 
for  the  sudden  reappearances  of  the  disease  at  remote  points  and 
after  rather  long  intervals  if  it  is  whoUy  dependent  upon  the  vege- 
tative mycelium  in  the  infected  tubers  for  its  perpetuation.  The 
possibility,  if  not  probability,  of  some  form  of  resting  spore  has 
been  recognized  by  every  student  of  this  disease  from  the  time  of 
Berkeley  and  De  Bary. 

ffruDiES  Of  infection  and  dissehination  hade  in  vebmomt. 


Although  Jensen's  method  for  tuber  disinfection  has  not  come  into 
practical  use,  the  questions  involved,  especially  as  to  time  and  method 
of  tuber  infection  in  the  soil,  the  spread  of  that  infection  to  other 
tubers  either  in  the  soil  or  in  the  storage  cellar,  and  the  production 
of  infected  plants  from  infected  seed  tubers,  are  all  matters  of  so 
much  economic  importance  that  further  investigations  bearing  upon 
them  have  been  undertaken  from  time  to  time  in  connection  with  the 
Phytophthora  studies  at  the  Vermont  station.  The  current  ideas  on 
the  subject,  based  largely  upon  De  Bary's  work,  are  as  foUows: 
The  conidia  falling  from  the  diseased  leaves  to  the  ground  infect 
the  tubers  under  them,  producing  a  primary  infection;  from  this 
primary  infection  the  fungus  may  spread  from  one  tuber  to  an- 
other, at  least  in  the  storage  cellar;  tubers  may  be  quickly  killed  by 
the  rot  or  they  may  be  invaded  by  the  fungus  without  showing 
evident  external  symptoms  of  the  rot  and,  if  such  are  planted  the 
following  season,  the  shoots  coming  from  them  may  harbor  the 
fungus,  which  will  in  due  season  sporulate,  thus  starting  the  infec- 
tion of  the  second  year.  Got.>^;lc 
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In  the  work  thst  has  been  done  at  this  station  in  cfmoection  with 
the  present  studies,  the  attempt  has  been  made  to  secure  farther  evi- 
dence ^ong  these  lines  up<m  seywal  matters  of  moie  or  less  prac- 
tical importance. 

1.  When  and  how  does  the  primary  infection  of  the  tubers  occur 
in  the  field  t 

2.  Does  secondary  infection  of  the  tubers  occur  in  Uie  field  befwe 
digging,  i.  e.,  may  the  fungus  spread  from  tuber  to  tuber  in  the  soil  t 

8.  Are  healthy  tubers  liable  to  infecti(si  from  contact  with  blight- 
ing foliage  at  the  time  of  digging ! 

4.  When  the  blight  appears  on  the  foliage  should  the  crc^  be 
hairested  at  once  or  should  the  digging  of  the  tubers  be  delayed  until 
the  season  of  normal  maturity  1 

5.  May  infection  ocx:ur  in  storage,  i.  e.,  may  the  fungus  fmit  <n 
mature  tubers  in  storage  and  the  spores  infect  other  mature  tubers! 

6.  If  such  infection  does  occur  ia  it  through  the  unbroken  skin, 
the  eyes,  or  the  lenticels! 

7.  Do  infected  seed  tubers  give  infected  plants  if  used  for  seed  ( 

FUKAKT  invBcnoiT  OF  Tuntsa  jm  thb  field. 

De  Bary,  Jensen,  and  others  condaded  as  a  result  of  th^  studies 
that  the  tubers  are  infected,  as  a  rule  at  least,  by  spores  washed 
through  the  soil  frmn  the  bli^ting  foliage.  It  has  been  repeatedly 
observed  wh«i  digging  potatoes  that  tubers  at  or  near  the  surface 
show  more  rot  than  those  buried  deeper  in  the  soil  and  that  the  rot 
is  mwe  apt  to  begin  on  the  upper  side  of  the  tuber.  Examinations 
have  shown  that  it  appears  nearly  as  oftesi  at  the  tip  aid  of  tKe 
tuber  as  at  the  stem  end.  All  of  these  facts  are  in  accord  with  the 
above  idea  that  the  infection  passes  from  the  foliage  throu^  the  soil 
rather  than  by  way  of  the  stem.  Moreover,  experiments  which  will 
be  summarized  later  were  made  at  the  outset  of  the  work  (Jcmes, 
1891,  1893)  which  showed  that  by  properly  spraying  the  foliage  the 
development  of  the  fungus  is  chet^ed  and  that  when  this  is  done  little 
or  DO  rot  develops  in  the  tubers.  This  also  is  in  accord  with  the  idea 
outlined  above  so  far  as  it  bears  upon  the  question.  In  <»xler  to  mert 
Uie  ctMiditions  of  the  problem  more  directly,  trials  w^e  made  to  learn 
what  will  be  the  result  if  the  surface  of  the  soil  is  sprayed  while  the 
foliage  is  unprotected  and  attacked  by  the  fungus.  This  is,  indeed, 
essentially  what  Morren  (1845)  recommended  some  65  years  ago  as 
a  means  of  checking  the  rot  of  the  tubers.  Opportunity  was  offered 
for  trial  of  this  method  during  two  seasons,  1902  and  1905.  In  eadi 
case  the  blight  was  prevalent  and  all  the  foliage  of  the  trial  plats 
was  attacked  and  destroyed. 

In  the  first  trial  (Jones  and  Morse,  1902)  the  soil  was  ^r&yed 
twice,  August  18  and  September  6.    The  seccmd  trial  (Jones  and 
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Morae,  1905,  p,  273)  involved  three  sprayings,  August  2,  18,  and  28. 
The  results  are  shown  in  Table  II. 


TreatmcatofMlL 
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A  marked  reduction  in  the  percentage  of  rot  in  the  sprayed  soil 
16  shown  for  both  seasons,  this  reduction  being  in  acc(»:d  with,  the 
idea  that  tubw  infection  occurs  primarily  through  the  soiL  In 
neither  case  were  the  experimental  conditions  perfect.  In  the  first 
experiment  some  development  of  the  fungus  on  the  foliage  had 
occurred,  and  so  also  possibly  some  tuber  infection,  before  spraying 
began.  In  the  second  experiment  a  heavy  rainfall  occurred  in 
September  when  the  fungus,  was  rampuit  on  the  foliage,  and  the 
tubers  were  not  dug  until  October  13.  Doabtless  one  or  more  addi- 
titmal  sprayings  of  the  soil  in  S^tem.ber  and  early  October  would 
have  further  reduced  Uie  rot 

SECONDABT  IHFECrlOir  OF  lUBBBB  IV  FIELD  OB  BKMUGE. 

The  possible  importance  of  secondary  infection,  i.  e.,  the  passage 
of  the  fungus  from  tuber  to  tuber  in  the  field  or  storage  bin,  was 
fflnphasized  by  observations  made  in  the  autumn  of  1905.  WhoL  the 
crop  growing  in  a  moist,  heavy  soil  was  dug,  considerable  rot  was 
found  and  a  large  number  of  the  tubers  whidi  v&n  in  the  euiy 
stages  of  decay  had  small  white  tufts  of  the  Phytophthora  (J<mes 
and  Morse,  1905,  pp.  284-287)  scattered  over  the  surface  and  bearing 
abundant  crops  of  spores  capable  of  germination  (PL  m,  fig.  a). 
MOTeover,  in  some  places  the  mycelium  was  ramifying  throng  the 
interstices  of  the  soil  at  least  one-half  an  inch  from  the  surface  of 
the  decaying  tuber,  although  doubtless  nourished  by  it.  All  the 
tubers  showing  decay  w^e  sorted  from  the  crop,  which  was  then 
stored  in  shallow  boxes  in  a  dry  cellar  at  60°  to  55°  F.  Later,  in 
October,  these  boxes  were  reexamined  and  occasional  tubers  were 
again  found  bearing  thrifty  tufts  of  Phytophthca-a,  rupturing  the 
lenticels  and  sporulating  abundantly  (PI.  Ill,  fig.  b).  It  is  evident, 
therefore,  that  the  fungus  may  fruit  freely  enough  on  the  tubers, 
either  in  field  or  storage,  to  supply  spores  for  further  tuber  infecti<Hi, 
providing  mature  tubers  are  susceptible. 

Bepeated  triab  have  shown  that  sowings  of  the  fungous  spores  on 
mature  potato  tubers  at  any  time  during  their  dormant  period  will| 
lead  to  infection  if  sufficient  moisture  is  present.    Hie  results  of  a  '-^ 
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sin^e  ezperiment  are  here  given.  Twenty-four  healthy  Green 
Mountain  potatoes  were  selected  in  midwinter  and  arranged  in 
groups  of  six.  Conidia  from  a  vigorous  culture  of  Phytophthora 
were  left  in  water  until  they  began  to  germinate.  A  drop  of  this 
spore-laden  water  was  thm  placed  upon  each  tuber:  In  the  first 
group  in  an  eye  of  each  tuber;  in  the  second,  upui  a  prominent 
lenticel ;  in  the  third,  upon  a  spot  slightly  abraded  so  as  to  expose 
the  flesh ;  and  in  the  fourth,  upon  the  unbroken  skin  where  free  from 
visible  lenticels.  Each  point  of  infection  was  mailed  by  an  India- 
ink  circle  and  the  tubers  were  then  stored  in  a  moist  chamber  and 
kept  at  about  18°  to  20°  C.  At  the  end  of  three  weeks  all  of  the 
tubers  inoculated  in  ahra^ons  showed  infection.  Two  of  those 
having  spores  applied  to  the  eyes,  two  having  spores  on  lenticels, 
and  one  having  spores  on  the  unbroken  surface  were  infected. 
From  this  experiment  it  is  clear  that  the  mature  tuber  is  not  proof 
against  infection  even  where  no  bruises  or  wounds  occur,  although 
freshly  bruised  or  wounded  tubers  are  more  readily  invaded. 


r  TUBEBB  AT  TIUE  OF   HABVEST. 

The  results  outlined  sufice  to  show  the  danger  of  infecting  the 
tubers  by  harvesting  the  crop  at  a  time  when  the  partially  blighted 
tops  are  heavily  laden  with  spores.  A  trial  made  in  1906  (Jones 
and  Morse,  1905,  pp.  285,  286)  bears  still  more  directly  upon  this 
point.  The  freshly  dug  tubers  from  a  blighting  field  were  sorted 
into  two  piles;  one  was  covered  with  a  layer  of  the  blighting  t<q)S, 
the  second  with  sackcloth.  Both  piles  were  then  sprinkled  with 
water  and  allowed  to  remain  overnight  before  putting  them  in  the 
storage  cellar.  The  result  was  that  every  tuber  from  the  first  lot 
decayed  within  eight  weeks,  while  only  54  per  cent  of  the  second  lot 
developed  rot.  Of  course  there  had  been  abundant  infection  in  the 
field  preceding  dig^ng,  but  the  infection  from  the  blighting  tops  was 
so  complete  that  it  doubtless  would  have  destroyed  all  of  the  tubers  of 
the  first  lot  had  there  been  no  field  infection. 


BEIATION  OP  DATB  Or  DIOOIIIC 

Several  of  these  facts  have  a  bearing  upon  the  question  of  the  rela- 
ti(Hi  of  the  date  of  digging  to  the  development  of  the  rot.  The  fact 
that  the  infection  washes  from  blighting  tops  through  soil  to  tuber 
argues  for  early  dicing  when  the  disease  is  bad.  Opposed  to  this  ia 
the  fact  that  digging  while  the  blighting  tops  are  producing  spores 
may  expose  the  tubers  still  more  generally  to  infection  and  that  the 
disease  may  spread  more  rapidly  in  the  freshly  bruised  immature 
tubers.  Experiments  were  carried  on  during  two  seasons  (Jones 
and  Morse,  1902-3,  190S-4)  which  gave  convincing  evidence  that 
tinder  any  ^cept  the  most  unfavorable  soil  conditions  early  digging 
is  nnwise.    The  avwage  of  the  trials  of  two  seasons  (Jraies  and 
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Morse,  1908-4,  pp.  391-S95),  including  tests  upon  aeTeral  different 
fields  and  vsrietdee,  was  as  shown  in  Table  III. 
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The  results  of  these  experiments  led  to  the  formuIatioD  of  the  gen- 
eral rule  that  where  the  tops  are  attacked  by  the  late-blight  the  har-  ' 
vesting  of  the  tubers  should  be  delftjod  nntil  a  week  or  more  after 
the  death  of  the  tops  and  that  longer  delay  does  no  harm,  but  in 
ezoeptimally  wet  seasons  and  <m  low,  heavy  soil,  where  the  fungus 
develops  rapidly  on  the  tubers  undei^round  and  so  spreads  in  the 
hill,  early  digging  is  necessary,  else  the  entire  crop  may  be  lost. 
BELATioiT  or  STORAGE  comrnoiTi  ia  Jtcmojaruxm  or  sot. 

The  relation  of  stwage  conditions  to  the  development  of  rot  has 
also  received  practical  test  in  connection  with  these  studies.  While 
it  has  already  been  shown  that  the  fungus  may,  under  exceptionally 
favorable  conditions,  ctmtinue  to  fruit  on  the  tubers  in  storage  and 
so  spread  from  tuber  to  tuber,  our  trials  lead  us  to  believe  that  if  the 
cellar  is  properly  dry  and  cool  this  will  not  occur  to  any  serious  de- 
gree. The  use  of  lime  and  disinfection  with  formalin  have  proved 
to  be  valueless  under  such  circumstances  (Jones  and  Morse,  1905,  pp. 
280-281),  On  the  other  hand,  the  drying  of  tubers  before  storage 
(Jones  and  Morse,  1905,  p.  282)  and  also  the  low  temperature  of  the 
storage  cellar,  as  advocated  by  Jensen,  are  important.  Thus  the  ap- 
parently sound  tubers  from  a  field  where  the  tops  were  killed  by  the 
late-blight  were  divided  into  three  lots  and  stored  at  about  40°,  55°, 
and  70°  F.,  respectively.  The  amount  of  rot  at  the  end  of  two 
months  was  17,  53,  and  79  per  cent,  in  the  order  named. 

PBOPAOATIOII  nmt  SKAMir  TO  SEASOH. 

r>e  Bary  (1876,  p.  267)  followed  the  fungus  from  infected  seed 
tubers  into  the  stem  and  foliage  of  the  shoot  developing  therefrcmi 
and  observed  the  sporulation  upcoi  these  aenal  parts.  There  can  be 
no  doubt,  therefore,  as  to  the  possibility  of  the  fungus  OTerwintering 
in  this  way,  and  it  seems  probable  that  this  method  is  the  commm 
means  of  propagation  from  season  to  aesson.  De  Bary  (1876,  pp. 
266-269)  first  experimentally  tested  this  matter  in  the  fi^d  by  plant- 
ing artificially  inoculated  tubers  and  found  that  while  no  spToqta' 


38  THE  POTATO  FUNQUfl   PHTTOPH-FHOBA  TNFBSTAKB. 

Tould  come  from  the  eyes  in  or  near  the  diseased  areas  they  would 
come  from  others  at  some  distance  away,  some  of  these  latter  aom 
being  affected  by  Fhytophthora.  Jensen  (1887,  pp.  120-132)  re- 
peated the  ezpwiments  in  1883  by  planting  diseased  and  healthy 
tubra^  in  parallel  rows,  at  the  same  time  attempting  to  discover 
whether  the  diseased  shoots  would  be  able  to  reach  the  surface  of  the 
ground  in  case  the  diseased  tubers  were  planted  deep.  Fifty  diseased 
tubers  were  planted  10  centimeters  deep  and  a  like  number  21  centi- 
meters deep.  From  those  at  a  depth  of  10  e«itimeters  24  plants  cmme 
op;  of  these  24  plants  only  1  was  very  vigorous,  18  were  unaffected 
by  the  disease,  while  the  other  6  showed  it  as  Ivownish  spots  on  the 
stem  near  the  ground.  Of  the  50  diseased  tubers  planted  21  oonti- 
meters  deep  caily  19  came  up,  and  1  of  these  was  diseased  and  soon 
died.  From  this  experiment  he  c(Hicluded  that^  the  deeper  planting 
made  it  impossible  for  the  weakly,  diseased  shoots  to  pierce  the  thick 
layer  of  soil  on  top  of  them  and  that  there  must  be  a  delicate  balance 
among  these  three  factors — the  vigor  of  the  shoot,  the  virulence  of  the 
Phjrtophthora,  and  the  thickness  of  the  layer  of  soil  the  shoot  has  to 
penetrate  before  reaching  the  light. 

In  our  earlier  experiments  attempts  were  repeatedly  made  to  get 
evidence  bearing  upon  this  overwintering  of  the  fungus  by  planting 
tubers  showing  varying  degrees  of  dry-rot  which  was  started  by  nat- 
ural infection  with  Phytophthora.  In  no  case,  however,  has  poa- 
tive  evidence  been  secured.  Either  there  was  no  growth  or  else  the 
sprouts  appeared  normal.  So  far  as  c(»iclusions  are  justified  by 
sudi  negative  results,  it  would  seem  that  if  the  fungus  successfully 
overwinters  in  the  tubws  it  is  in  cases  where  its  attack  is  very  mild, 
i.  e.,  where  it  remains  so  nearly  dormant  that  it  causes  little  or  no 
dry-rot  or  other  visible  injury.  In  two  later  experiments  artificial 
infection  has  been  resorted  to  in  order  to  learn  the  relation  of  the 
fungous  invasion  to  the  development  of  the  shoots.  On  May  21,  40 
healthy  Green  Mountain  tubers  of  uniform  appearance  and  with 
strong  sprouts  one-half  inch  to  3  inches  long  were  chosen  for  the 
experiment.  Twenty  of  these  tubers  were  inoculated  with  bits  of 
mycdium  frmn  pure  cultures  in  slits  cut  near  two  or  three  of  the 
healthy  eyes  in  each  tuber,  these  eyes  being  marked  by  India  ink. 
The  other  20  tubers  were  left  uninoculated  as  controls.  All  of  the 
tubers  were  held  in  a  moist  chamber  for  two  days  in  order  to  give  the 
fungus  a  diance  to  penetrate  the  tissues.  All  of  the  uninoculated 
eyes  were  then  cut  out  of  the  inoculated  tubers  and  all  except  two  or 
three  tram  each  of  the  cmtrol  tubers ;  they  were  then  planted.  The 
control  tubers  all  grew,  sending  up  37  shoots,  whereas  only  6  shoots 
appeared  from  the  inoculated  tubers.  All  of  the  shoots  appeared 
normal  and  remained  healthy. 


3vGoo^^lc 
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On  May  22,  60  healthy  Earl;  Boee  tubws  of  apprtsimatd.;  the 
same  size  and  with  sprouts  one-half  inch  to  1^  inches  lon^j^  were 
choBen  for  trial  plantingr' 3^  to  serve  as  control  and  30  to  be  inocu- 
lated. Of  the  inoculated  tubers,  4  were  treated  by  placing  a  drt^  of 
water  containing  the  spores  in  the  depression  of  a  healthy  uninjured 
eye,  16  were  treated  by  placing  the  spore-bearing  dn^i  in  an  in- 
cisitHi  near  an  eye,  and  10  had  a  bit  of  mycelium  placed  in  a  similar 
incifflon.  The  inoculated  spots  were  marked  as  in  the  previous  ex- 
periment and  the  tubers  similarly  treated,  i.  e.,  held  two  days  in  a 
moist  chamber,  the  extra  eyes  removed,  and  the  tubers  then  planted. 
Ilie  results  were  aa  shown  in  Table  IV. 
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All  of  the  shoots  from  the  inoculated  tubers  were  weak  and  died 
within  a  short  time,  whereas  the  shoots  from  the  cootrol  tubers  ma^ 
tured  normally  and  no  trace  of  Phytophthora  was  detected  on  any  of 
tbwn.  This  is  not  surprising  even  though  the  fungus  were  present 
internally  in  the  shoots  from  the  inoculated  tubeirs,  since  dry  and 
hot  weather  continued  during  early  summer  and  until  after  the  death 
of  the  weak  shoots  frtun  the  inoculated  tubers.  Watering  and  par- 
tial ^ade  were  tried  in  the  hope  of  inducing  sporuIati(»i,  but  without 
success.  These  results,  while  not  convincing  in  thNnselves,  are  in  ac- 
cord with  Jensen's  conclusion  that  when  the  young  shoots  are  in- 
vaded by.  the  fungus  they  are  thereby  weakened  and  may  be  killed 
outright  before  reaching  the  surface  of  the  soil.  The  probability 
is  that  if  the  fungus  overwinters  as  myceliimi  in  tubers  u^  for  seed 
the  first  spomlation  of  the  second  season  will  appear  on  weak  shoots 
which  rise  but  a  short  distance  above  the  surface  of  the  soil  and  that 
from  these  shoots  the  spores  will  be  scattered  to  the  lower  leaves  of 
the  overshadowing  healthy  plants.  It  is  also  to  be  noted,  however, 
that  much  the  same  stages  may  occur  in  case  the  initial  infection  of 
the  young  shoots  comes  &om  the  overwintering  of  a  resting  spore. 
uoffBB  OF  DisaniiifATios  m  the  thuk 

The  manner  in  which  the  rapid  disseminatim  of  the  fungus  is 
brought  about  f<dlowing  such  primary  infectim  is  important  as 
helping  to  determine  what  ccmditions  favor  the  development  of  an 
epidemic.  Moisture  is,  of  course,  essential  for  spore  germinatiiMi, 
and  it  is  noteworthy  that  spcH^aticn  occurs  iU>undantly  mly(i^ia||^ 
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moist  atmosphere.  Probably  the  washing  and  daabing  about  by  rain 
is  the  most  effective  agency  ft*  local  disseminatirai.  For  longer 
distances  two  agencies  probably  cooperatey  wind  and  insects.  The 
former  is  so  constantly  operative  that,  while  most  spores  carried  by 
it  must  certainly  perish  by  desiccation,  enough  may  survive  to  carry 
the  infection  to  distant  plants. 

The  importance  of  insects  in  the  dissemination  of  plant  paraffltes 
has  been  clearly  presented  by  Smith  (1896)  and  others.  In  order  to 
make  a  specific  test  of  their  ability  so  to  function  in  the  case  of  this 
fungus,  the  following  observations  were  undertaken. 

On  the  morning  of  July  15,  40  larvse  or  slugs  of  the  Colmrado 
potato  beetle  were  placed  on  Phytophthora-bearing  potato  leaves 
under  a  bell  jar.  That'  ni^t  the  larvee  were  transferred  to  two 
healthy  potato  plants,  which  were  then  covered  by  a  bell  jar  until 
the  next  morning.  The  insects  were  then  killed.  The  plants,  which 
were  growing  in  pota,  were  kept  well  removed  from  any  other  potato 
plants.  After  six  daysdiseased  areas  appeared  upon  two  leaves  of 
one  plant  and  one  leaf  of  the  other.  The  mature  beetles  by  their 
more  active  habits  and  their  migration  on  the  wing  are,  of  course, 
capable  of  carrying  the  Phytophthora  spores  to  greater  distances 
than  the  larvro  and  doubtless  are  important  agents  in  the  ^read  of 
the  fungus  in  potato  fields,  especially  in  the  earlier  stages  of  its 
development. 

SFRATIMQ  THE   FOLIAGE   A   PBACTICAL   BEHEDT. 

Ko  plant  disease  has  received  so  persistent  and  widespread  atten- 
tion as  this  in  the  search  for  effective  remedies.  The  only  measures 
which  have  given  much  return,  or,  indeed,  which  give  large  assurance 
of  such  to  date,  are  foliage  spraying  and  the  development  of  disease- 
resistant  varieties.  Both  of  these  measures  have  been  so  fully  dealt 
with  in  previous  publications  (Jones,  1899,  1905 ;  Stuart,  1806)  that 
only  the  briefest  summary  is  justifiable  here. 

Attention  has  already  been  called  to  the  early  recommendation  of 
Morren  (1845)  of  a  mixture  of  copper  sulphate,  salt,  and  lime  as 
a  remedy  to  be  sprinkled  on  the  soil.  Had  he  tested  this  on  the 
foliage  greater  results  might  iiave  followed.  Since  then  practically 
every  fungicide  of  promise  has  been  tested  by  one  or  another  experi- 
menter upon  potatoes.  Freshly  prepared  Bordeaux  mixture  holds 
its  place,  however,  as  distinctly  the  best  remedy.  When  rightly  pre- 
pared and  intelligently  used  it  is  a  remarkably  effective  potato  fungi- 
cide. The  credit  for  the  first  demonstration  of  its  value  Id  controlling 
Phytophthora  belongs  to  M.  Jouet,  who  in  1885  used  it  on  tomatoes 
in  France.  In  1888  Prillieux  used  it  effectively  on  potatoes.  He 
prepared  a  mixture  containing  6  parts  eadi  of  copper  sulphat«  and 
lime  in  100  parts  of  wat«r  which  he  applied  to  the  potato  foliage  wbeu 
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the  fungus  made  its  first  appearance  in  the  field  with  i^parent  ben- 
efit, although  in  spite  of  it  he  lost  about  25  per  cent  of  his  yield  trom 
rot  During  the  next  three  years,  trials  of  this  promi^ng  new  remedy 
were  nude  at  several  of  the  recently  organized  American  experiment 
stations  as  well  as  in  European  countries  other  than  France.  ScMvuer 
(1898)  in  Germany  found  that  by  spraying  with  Bordeaux  mixture 
after  each  rain  he  could  save  all  but  1  to  2  per  cent  of  the  tubers.  Ex- 
,  tensive  experiments  in  England  and  Scotland  under  the  auspices  of 
the  Koyal  Agricultural  Society  confirmed  the  results  obtained  in 
France  and  Germany.  The  most  pronounced  benefits  from  the  experi- 
mental use  of  this  mixture,  and  the  most  extensive  applications  in 
practice,  have  obtained  in  America.  Probably  this  is  in  part  due  to 
the  fact  that  this  country  has  a  variety  of  potato  pests,  especially  the 
Colwado  beetle,  whose  ravages  have  forced  the  progressive  potato 
grower  to  use  some  kind  of  spray,  and  the  Bordeaux  mixture  in  com- 
bination with  arsenical  poisons  has  proved  a  remarkably  effective 
panacea  fcs-  the  ntlmerous  other  potato  pests,  insect  and  fungous,  as 
well  as  for  Phytophthora.  At  the  Vermont  experiment  station  the 
first  trial  of  this  mixture  for  the  potato  fungus  was  made  in  1889 
(Minott,  1890) ,  and  annual  trials  of  spraying  late  or  main-crop  pota- 
toes two  or  three  times  with  Bordeaux  mixture  were  continued  for  20 
years  cMisecutively.  A  detailed  review  of  this  work  is  given  by 
Lutman  (1910).  The  averages  frcnn  these  trials  are  shown  in 
Table  V. 
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The  ftrerage  gain  fcnr  the  20  years  of  spraying  was  105  boshelB 
per  acre.  T^e  greatest  gain  was  in  1893,  when  three  applicatjcms 
made  in  August  increased  the  yield  of  mai^etable  potatoes  from  114 
bushels  to  S38  bushels  per  acre,  or  nearly  threefold.  The  loss  that 
year  on  the  imsprayed  plat  was  almost  wholly  due  to  Phytoph- 
thora.  In  all  places  where  Bordeaux  mixture  is  used  in  the  North* 
eastern  States  some  gain  is  attributable  to  its  beneficial  octitHi  against 
<^er  potato  pests,  especially  the  early-blight  and  the  flea  beetle,  as 
veil  as  to  the  indirect  stimulating  effect  which  it  exercises.  Similar 
evidence  as  to  the  profitableness  of  the  regular  use  of  this  spray  tm 
potatoes  has  recently  been  furnished  by  the  trials  of  Stewart,  of 
New  York,  and  Morse,  of  Maine.  Stewart,  French,  McMurran, 
and  Sirrine  (1910)  had  an  average  increase  of  102  bushels  per  acre 
during  the  seven  years  (190^1909)  they  have  experim«ited  with 
potato  spraying  at  the  Geneva  (N.T.)  station.  Morse  {Bui.  169, 
1909)  was  able  to  reduce  the  rot  from  the  25  to  75  per  c«it  occurring 
on  nnsprayed  fields  to  0.6  to  0.9  per  cent  whace  the  s[Miiying  had 
been  thtvough.  It  is  evident,  therefore,  that  by  the  intelligent  use 
of  Bordeaux  mixture  both  the  foliage  and  the  tubu^  of  the  potato 
can  be  practically  insured  against  serious  attacl:s  from  Phytoph* 
thora  even  when  it  is  epidemic.  The  cost  of  this  is  small  in  propor- 
tion  to  the  gain.  Stewart  (Stewart,  Fi^nch,  McMurran,  and  Sir- 
rine, 1910,  p.  44),  in  farm  practice  in  New  Yoi^,  found  the  average 
cost  for  seven  years  to  be  $4.82  per  acre  for  the  season.  Nevertheless, 
the  potato  grower  has  the  right  to  expect  at  least  some  measure  of 
relief  from  this  necessity  for  spraying.  This  relief  may  be  expected 
in  part  &om  the  development  of  more  highly  disease-resstant  varie- 
ties and  in  part  from  the  completion  of  our  knowledge  of  the  life 
history  of  the  fungus.  Work  like  that  now  in  progress  on  the  life 
history  in  time  should  remove  the  last  vestige  of  the  breastworb 
which  as  yet  obscures  the  location  of  the  foe  during  certain  seasons. 
The  remaining  pages  of  this  bulletin  contain  the  records  of  some 
attempts  to  Either  our  knowledge  along  both  of  these  lines. 

OBOWTU  OF  THE  PUNGUS  IH"  PtJUE  CUXTUllE. 

EARLIER  TRIALS   IN   EUROPE. 

In  the  earlier  studies  of  Phytofhthora  infeatam,  1860  to  1875,  of 
com^e  no  attempt  was  made  to  get  it  into  pure  culture,  since  such  a 
^ng  was  unknown  at  that  time.  The  only  aim  during  that  period 
wos  to  get  it  and  keep  it  comparatively  free  for  a  short  time  from 
contamination  by  other  fungi.  The  growth  of  the  fungus  on  the 
leaves  and  aerial  parts  of  the  plant  had  been  repeatedly  observed  since 
its  discovery  by  You  Martins  and  the  description  of  the  species  in 
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184fi  by  MoDtftgne.  De  Bary  (1898,  p.  94)  was  apparently  the  first 
to  obtain  the  fungus  with  anything  like  a  pure  growth  of  mycelium 
and  conidiophores  on  the  tubers.  His  method,  which  has  become  the 
classical  one  for  demonstrating  the  presence  and  methods  of  fruiting 
of  the  fungus,  consists  in  cutting  open  an  infected  tuber  and  keeping 
it  under  a  bell  jar  where  the  surface  will  continue  damp.  In  a  few 
days,  under  favorable  conditions,  a  growth  of  Phytophthora  will 
appear  on  such  surfaces  and  the  mycelium  and  fruiting  branches  can 
be  obtained  in  a  fairly  pure  state.  De  Bary  (1863,  p.  64)  was  able  to 
transfer  the  conidia  either  to  the  uninjured  tuber  or  to  the  cut  surface 
of  other  uninfected  potatoes  and  cause  infection. 

Since  the  fungus  has  been  generally  regarded  as  a  strict  parasite, 
without  any  saprophytic  phase  in  its  life  history,  it  has  been  com- 
monly omsidered  impoesble  to  induce  it  to  grow  on  anything.but  the 
living  potato  or  potato  plant.  Recent  work,  however,  has  shown  that 
this  conception  Is  an  erroneous  one  and  that,  while  it  is  strongly  para- 
sitic in  its  habits,  it  is  not  an  obligate  parasite.  The  range  of  its 
saprophytism  is  rather  narrow,  however,  as  will  appear  later. 

The  earliest  attempt  at  growing  the  fungus  on  substrata  other  than 
living  potato  tubers  and  leaves  was  that  of  Hecke  (1898),  who  culti- 
vated the  Phytophthora  on  decoctions  of  plums,  of  tomatoes,  of  cher- 
ries, and  of  potato  leaves,  but  was  unable  to  induce  it  to  grow  on 
infusions  thickened  with  gelatin.  He  also  found  that  the  fungus 
could  not  stand  a  higher  concentration  than  1.5  to  3  per  cent  of  dry 
substance,  while  a  still  lower  concentration  favOTed  its  growth. 

The  next  account  of  the  isolation  and  cultivation  of  the  potato 
fungus  was  that  of  Matruchot  and  Molliard  (1903),  who  succeeded 
in  growing  it  on  solid  media.  They  were  able  to  transfer  it  from  the 
fresh  surfaces  of  infected  potatoes  kept  under  a  bell  jar,  as  described 
by  De  Bary,  to  sterile  plugs  of  potato  in  test  tubes.  The  growth 
and  fructification  obtained  under  these  conditions  were  normal  and 
abundant.  Plugs  of  pumpkin  and  muskmelon  (melon  d*Espagne) 
gave  practically  as  rapid  a  growth  and  as  larg;e  a.  quantity  of  fruiting 
branches.  The  curious  fact  wa^  brought  out  that  the  fungus  would 
not  grow  or  produce  conidia  on  potato  plugs  sterilized  at  115°  C, 
while  it  would  grow  almost  as  well  and  produce  as  many  conidia  on 
the  cooked  pumpkin  plugs  as  on  the  raw  ones,  and  almost  as  well  on 
the  cooked  muskmelon  as  on  the  raw.  The  cause  for  this  difference 
they  believe  to  lie  in  the  fact  that  the  superheated  steam  so  swells  the 
starch  grains  of  the  potato  that  the  fungus  finds  it  mechanically 
impossible  to  push  its  hyphge  betweeoi  them.  The  best  artificial  media 
for  its  growth  were  found  to  be  potato  or  pumpkin  broths  or  such 
broths  thickened  with  gelatin.  In  all  these  broths  fructifications 
occurred  abundant^. 
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MORE   RECKNT   ntlALB   IN    AUSBICA. 

In  190i,  and  before  the  results  of  the  preceding  workers  came  to 
our  attention,  pure  cultures  of  the  potato  fungus  were  obtained  on 
sterile  potato  blocks  in  the  Vermont  laboratory,  and  since  that  date 
it  has  been  carried  continuously  in  pure  cultures,  during  the  earlier 
part  of  the  time  on  potato  blocks  in  tubes,  but  more  recently  on  gela- 
tin or  agar  media.  Before  discussing  our  methods  and  results  in  de- 
tail it  will  be  helpful  to  review  the  work  of  Dr.  G.  P.  Clinton,  of 
the  Connecticut  station,  who  has  meanwhile  contributed  some  helpful 
facts  and  methods  along  similar  lines.'  Clinton  (1906)  confirmed 
Matruchot  and  Molliard's  results  on  the  cultivation  of  the  fungus 
on  plugs  of  living  tissue  of  potato  or  pumpkin.  He  found  further 
that  the  fungus  would  grow  better  on  sterilized  com  meal  <»  on  a 
mixture  of  ground  green  Lima-bean  pods  and  seeds  with  com  meal 
than  on  any  other  of  the  artificial  media  he  tested.  Some  growth  was 
obtained  on  agar  cultures  to  which  various  ingredients  had  been 
added,  but  on  the  whole  they  were  unsatisfactory,  potato  and  pump- 
kin juice  being  better.  In  a  more  recent  pax>er  Clinton  (1908)  re- 
ports upon  further  trials  in  the  cultivation  of  the  fungus.  In  these 
trials  he  found  that  the  soluble  substances  produced  a  medium  on 
which  the  fungus  grew  and  fruited  as  well  as  on  living  plugs  of  the 
potato  or  pumpkin.  He  also  tried  a  number  of  other  media,  among 
them  the  potato-juice  gelatin  in  use  in  the  Vermont  laboratory,  but 
found  it  not  to  be  a  very  good  medium  because  the  surface  layer 
would  dry  out  and  it  was  difficult  to  get  the  fungus  started. 

In  our  Vermont  laboratories  Phytophthora  infestana  has  been 
grown  continuously  in  pure  cultures  since  190i  by  the  writers  and 
others,  as  stated  in  the  introduction  to  this  bulletin.  The  chief 
incentive  at  the  outset  was  the  possibility  of  the  discovery  of 
oospores  or  other  resting  sppres.  Later  the  aim  has  been,  in  addi- 
tion, to  contribute  something  to  the  knowledge  of  the  occurrence  and 
nature  of  disease  resistance  to  Uiis  fungus,  as  shown  by  certain 
potato  varieties.  Progress  toward  these  goals  was,  however,  made 
very  slow  by  the  difficulties  encountered  in  the  perfection  of  culture 
methods  and  media,  and  perhaps  the  most  important  gains  to  date 
lie  in  the  development  of  cultural  methods  and  their  application 
to  the  testing  of  disease  resistance.  In  the  succeeding  pages  the 
aim  has  been  to  outline  these  attempts  in  sufficient  detail  so  that 
anyone  wishing  to  repeat  or  continue  this  line  of  investigation  may 
be  able  to  profit  as  far  as  practicable  from  our  experience.  There- 
fore, the  general  methods  and  results  of  the  cultural  studies  will  b« 

■CIlntDn'B  latMt  resolta  <19in),  incladlng  an  ImportiDt  new  cnltura  medium.  hsT* 
come  to  bund  Just  as  thts  bulletin  li  talus  to  tlM  printer.  A  bciar  review  of  theie  Maulta 
U  Uuerted  on  «  later  pase. 


3vGoo^^lc 


(HIOWTH  OF  THE  PUBQUS  IN   PURE  CUUrUBX.  45 

outlined  before  special  attention  is  given  to  the  matters  of  reeting 
spores  and  disease  resistance. 

DETAIU  OF  TKIAI£  UADB  AT  THB  TEBHOIf  STATION. 

B01TBCES  OF  THE  FTTXE  CCLTttBES  BIf  PLOTID. 

In  connection  with  these  studies  pure  cultures  have  been  obtained 
from  tubers  from  different  sources,  induding  several  from  Vermtmt, 
two  from  Connecticut  (G.  P.  Clinton,  one  tuber  and  one  culture), 
oDe  each  from  Maine  (W.  J.  Morse)  and  Pennsylvania  (W.  A.  Or- 
ton),  two  from  England,  and  one  each  from  Holland,  Germany,  Ire- 
land, and  Scotland.  The  methods  used  in  isolating  and  cultivating 
the  fungus  will  be  giv^  in  sufficient  detail  bo  that  anyone  desiring 
to  do  so  may  be  able  to  repeat  the  work.  The  cultures  have  been 
secured  in  all  cases  from  tubers  showing  the  dry-rot,  those  ib  the 
early  stages  being  chosen  where  practicable.  The  tuber  selected  is 
split  open  with  a  sterile  knife,  placed  under  a  bell  jar  in  a  moist 
fttmosphuv  to  favor  the  development  of  the  fruiting  fungus  on  the 
freshly  cut  surface,  and  as  soon  as  the  growth  appears  it  is  trans- 
ferred to  sterile  raw-potato  cylinders  prepared  as  described  later. 
Bacterial  contaminations  often  occur  which  necessitate  several  fur- 
ther transfers  for  their  ^imination,  and  this  is  made  easier  by  the 
use  of  the  beaa-agar  medium  described  later. 

VABIOUS    CfLTUBE    MEDIA    TKSTXD. 

In  the  course  of  these  studies  a  wide  variety  of  culture  media  has 
been  tested.  Some  of  these  media  proved  more  or  less  favorable  for 
the  growth  of  Phytophthora,  while  others  were  entirely  unsoited. 
Normal  growth  and  fruiting  have  been  obtained  on  raw-potato  and 
pumpkin  hlodcs,  potato  gelatin,  and  Lima-bean  agar.  On  certain 
other  media,  such  as  pumpkin  agar,  pumpkin  gelatin,  and  some  of 
the  synthetic  media,  there  was  some  growth,  with  few  or  no  conidia, 
while  on  many  others  no  growth  was  apparent.  In  considering  the 
details  as  to  the  behavior  on  these  media  it  will  prove  helpful  to 
group  them  83  follows:  (1)  Saw  and  cooked  vegetables;  (2)  vege- 
table broths,  either  alone  or  with  gelatin  or  agar;  (3)  synthetic 
liquid  media;  (4)  synthetic  media  with  agar  or  gelatin;  (5)  syn- 
thetic liquid  media  and  silicate  jelly.  All  cultures  were  carried  at 
18'  to  20"  C.  unless  otherwise  specified. 

OBOWTH    ON    TBGKTABLE   TISBITES. 

The  media  tested  in  these  trials  included  raw  or  living  potato 
tubers,  raw  muskmeloo  and  pumpkin  rinds,  parsnip  root^  and  also 
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cooked  tissues  from  diffwent  parts  of  the  potato  and  pumpkin.  Tht 
raw  potatoes  were  prepared  as  follows:  Medium-sized  sound  tubers 
were  washed,  immersed  10  minutes  in  a  0.1  per  cent  scdution  of 
mercuric  chlorid  to  disinfect,  the  surface  layer  was  cut  away  with  a 
knife  kept  sterile  by  repeated  flaming,  and  blocks  about  1  by  1  by  4 
centimeters  in  size  were  cut  from  the  interior.  Eadi  such  block  was 
then  dropped  into  a  stuile  culture  tube  which  umtained  about  1 
cubic  centimeter  of  water,  eitber  wiUi  or  without  absorbent  cotton  in 
the  bottom.  The  medium  was  then  allowed  to  remain  at  least  three 
days  to  test  sterility  before  inoculation.  The  other  raw  vegetables 
were  prepared  in  essentially  the  same  way.  The  cocked  vegetables 
were  prepared  by  using  similar  blocks  covered  to  about  one-third 
their  depth  with  water  sterilized  by  exposure  to  flowing  steam 
on  three  consecutive  days.  Inoculations  upon  such  raw-potato  blocks 
cut  teom  tubers  of  Early  Rose,  Green  Mountain,  or  other  varieties 
&vc«^le  for  the  fungus  will  yield  a  prompt  growth  which  is  in  full 
fruit  in  S  or  6  days,  and  by  10  days  has  readied  its  maximum,  when 
the  surface  of  the  potato  is  often  completely  hidden  under  the  cot- 
tony mycelium  (PI.  IX).  Thereafter  the  culture  may  soon  die 
out,  althou^  the  longevity  of  such  potato  cultures  may  be  surpris- 
ingly great,  especially  if  desiccation  is  checked.  Urns,  one  such 
culture  which  had  been  sealed  tor  7  months  was  found  to  be  living 
when  opened.  Where  invaded  by  the  fungus  the  potato  tissne  is 
usually  discolored  to  brown  co'  black  for  several  cells  in  d^th, 
although  the  degree  of  this  discoloration  varies  widely  with  varieties 
and  in  some  it  is  very  slight.  It  must  be  that  Matrucbot  and  Mol- 
liard  (1903,  p.  542)  used  varieties  of  this  latter  type,  since  they 
observed  no  discoloration.  In  vigorous  cultures,  5  to  8  days  old, 
droplets  of  clear  brownish  liquid  exudate  will  frequently  appear 
upon  the  surface  of  the  mycelial  layer,  apparently  as  a  result  of  a 
normal  bleeding  process  c<»nparable  to  that  observed  in  Pilobns 
and  other  fungi  (Pfeffer,  Eng.  ed.,  p.  275).  In  wder  better  to  ob- 
serve this  exudate,  cultures  were  made  on  larj^  slices  of  potato  in 
petn  dishes.  Upon  these  Edices  the  exudate  appeared  in  quantity 
while  the  underlying  potato  tissues  were  shrunken  in  proportion,  in* 
dicating  that  water  was  being  withdrawn  from  these  tissues  to  sup- 
ply the  loss  to  the  fungus  above.  Sufficient  of  this  exudate  was  c^- 
lected  for  titration  with  phenolphthalein.  It  was  found  to  be 
slightly  add  in  reaction,  but  less  so  than  the  normal  potato  joioe, 
showing  that  in  passing  through  the  fungus  it  is  modified  toward 
alkalinity.  A  comparison  of  blocks  cut  from  just  below  the  surface 
of  the  large-sized  tubers  with  others  from  the  center  of  the  same  failed 
to  show  any  difference  in  the  resulting  growth.  There  may,  however, 
be  a  marked  difference  in  the  growth  oa  blocks  cut  from  tubers  of 
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different  varieties.  The  ctxisideration  of  this  feature  is  given  far- 
ther attention  under  "  Disease  resist&nce  of  potatoes"  (p.  69). 

In  contrast  with  this  vigorous  noimal  growth  <hi  raw  potato  is  the 
fact  that  repeated  trials  have  failed  to  obtain  any  growtli  on  cooked 
potato.  As  already  stated,  Matruchot  and  Molliard  (19(@,  p.  541), 
who  had  like  results,  attributed  this  immunity  to  the  medianical 
obstruction  due  to  tlie  swelling  of  the  starch  grains  by  oot^iiig, 
whidi  prevented  the  penetration  of  the  fungus.  Paridal  confirma- 
tion of  this  idea  is  found  in  the  fact  that  some  growth  is  obtained  in 
cooked  potato  broth. 

On  raw  pumpkin  the  growth  was  muc^  slower  iban  on  potato,  but 
ultimately  it  was  fair  with  normal  conidial  fructification.  Oo  cooked 
pumpkin  it  was  somewhat  weaker,  but  gave  a  moderate  crop  of 
conidia. 

GKtWTH   Ol*   VDOETABLE  EXTRACTS   EITH^   ALONE  OE  WITH   QDJlTIir  OB  AflAB. 

This  phase  of  the  cultural  studies  has  at  the  same  time  suggested 
80  much  of  promise  and  presented  so  many  difficulties  in  development 
that  it  has  received  a  relatively  large  amount  of  attention.  Potato 
juice  was  pressed  from  the  living  potato  tissues,  leaf  and  tuber,  and 
sterilized  by  passing  throu^  a  Pastenr-Chamberland  bougie  into  a 
sterile  vessel.  The  leaves  of  both  susceptible  and  resistant  varieties 
were  tried  as  a  source  of  this  juice,  as  well  as  the  tubers  of  the  same 
varieties.  Juice  was  extracted  both  from  the  surface  tissues  and 
from  those  of  the  interior  of  the  potato  tuber.  The  results  are  taken 
up  in  detail  under  "Disease  resistance  of  potatoes'*  (p.  69)  and 
BO  will  be  only  briefly  summarized  here.  Little  difference  was  ap- 
parent in  the  growth  on  the  juice  from  these  various  sources.  The 
growth  in  all  cases  was  slight,  slow  in  developing,  entirely  sab- 
merged,  with  few  conidia,  and  these  abnormal.  When  the  potato 
extract  from  leaf  c«-  tuber  was  sterilized  in  the  steam  co<^er,  the 
growth  obtained  was  about  the  same  at  the  outset,  but  ultimately 
became  somewhat  more  than  that  on  the  raw  juice. 

Bipths  from  the  potato  and  from  various  other  vegetables  were 
also  te^^  in  OHnt^ation  with  gelatin  or  agar.  This  aeries  in- 
cluded the  following:  Potato-broth  gelatin,  potato-broth  agar,  pump- 
kin-broth gelatin,  pumpkin-broth  agar,  Lima-bean  agar,  prune-juice 
agar,  starch  gelatin,  mannite  gelatin,  and  various  percentages  of 
gelatin  in  pure  water. 

The  potato  gelatin  was  made  up  as  follows:  1,000  grams  of  Grreen 
Mountain  potatoes,  after  being  washed,  were  cut  into  small  blocks 
in  1,500  cubic  centimeters  of  water.  After  cooking  in  the  steamer  for 
1^  hours  they  were  steamed  in  the  autoclave  at  2  pounds  pressure  tor 
1  hoar.    The  liquid  was  separated  by  filtration  throng  filter  paper 


3vGoo^^lc 


48  THE  POTATO  PUNQU8  PHYTOPHTHOBA.  INFBSTAKB. 

and  Nelson's  gelatin  added.  Trials  of  various  etr^igtiis  diowed  that 
10  per  cent  of  gelatin  gave  the  beet  results,  although  7^  and  5  per 
cent  gave  results  nearly  as  good.  The  gelatin  was  then  distdved  by 
heating  the  medium  in  the  steamer,  after  which  it  was  deared  with 
white  of  egg,  passed  through  filter  paper  by  suction,  and  sterilized 
in  the  autoclave  at  not  to  exceed  4  pounds  pressure  for  15  minuter 
A  hi^er  pressure  or  longer  time  prevented  the  gelatin  frun  soJidi- 
j^ying.  SuUnerged  inoculations  were  made  in  the  earlier  trials,  either 
immediately  under  the  surface  or  at  the  bottom  of  the  tube.  The 
gelatin  was  melted  to  permit  the  bottom  inoculaticois.  The  growth 
in  the  potato  gelatin  medium,  so  handled,  was  fairly  good  and  the 
hyphse  were  normal  in  appearance.  The  production  of  the  conidia 
was  largely  suppressed,  whether  in  submerged  cultures  or  in  inocu- 
lations near  the  surface.  In  their  stead  there  appeared  the  re^ing- 
spore  development,  which  will  be  described  in  detail  an  a  subsequent 
page.  It  was  found  that  slant  cultures  could  be  made  with  this 
medium  by  increasing  the  gelatin  to  12  per  cent  and  that,  when  sur- 
face inoculations  were  made  upon  these,  fairly  abundant  aerial 
growth  developed.  Tliis  result  is  in  contrast  to  the  experience  of 
Clinton  (1&08,  p.  899)  with  potato  gelatin,  he  having  found  that  it 
was  a  very  poor  medium,  especially  for  aerial  growth.  Minw  differ- 
ences in  medium  or  manipulation  may  account  for  ttiis. 

Potato-broth  agar  produced  a  slow  growth  whidi  was  ultimately 
fair  but  with  fewer  conidia  than  were  produced  on  potato  gelatin. 
lima-bean  agar  has  proved  much  better.  The  Lima-bean  agar  which 
has  given  us  the  best  results  is  a  modification  of  that  of  Clintcn 
(1908,  p.  898)  and  prepared  as  follows :  50  grams  of  Uma  beans,  after 
being  ground  as  fine  as  possible  in  a  meat  chopper,  were  soaked  for 
one-half  hour  in  500  cubic  centimeters  of  tepid  water,  allowed  to 
simmer  for  half  an  hour  in  the  steamer,  and  the  juice  then  strained 
throngjb  a  doth.  After  restoring  the  volume  of  broth  to  600  cubic 
centimeters,  1  per  cent  of  agar  was  dissolved  in  it  by  heating  in  the 
autoclave.  Titration  has  shown  this  medium  to  have  a  read:ion  of 
about  +4  Fuller's  scale.  The  fungus  forms  on  this  medium  in  four 
to  five  days  a  good  aerial  growth  of  mycelium  with  many  normal 
conidia.  The  resting  spores,  as  later  described,  hsve  been  found  on 
this  medium,  thoag^  less  commonly  than  in  the  potato  g^tin.  This 
medium  has  proved  to  be  especially  useful  for  carrying  the  stock 
cultures  of  the  different  strains,  since  it  is  easier  to  prepare  than  raw- 
potato  blocks  and  the  fungus  does  not  so  soon  suffer  from  desiccation, 
llierefore  it  has  been  exclusively  used  for  this  purpose  daring  the 
latter  part  of  the  work. 

On  the  pumpkin-broth  agar  and  gelatin  the  growth  while  slow  -was 
ultimately  fair.  The  development  on  these  media  has  been  dueflr 
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aerial  with  some  conidia,  but  in  mudi  smaller  number  than  on  the 
potato-gelatin  slants  and  the  Lima-bean  agar.  On  prune-juice  agar 
there  was  no  growth,  showing  that  Phytophthora  is  unable  to  avail 
itself  of  the  rich  store  of  sugar  of  the  prune.  It  is  interesting  to 
note  that  a  small  growth  was  secured  in  tubes  containing  simply 
gelatin  (10  per  cent)  in  water,  this  growth  being  estimated  at  two- 
fifths  of  that  on  potato  gelatin.  The  addition  of  0.5  of  1  per  cent  of 
starch  to  this  gelatin  had  no  material  influence  on  the  growth  nor 
did  the  additiwi  of  0.5  of  1  per  cwit  of  mannite. 

QBOWTH  on  uqrm)  stutbetio  umu. 

In  addition  to  attempting  to  grow  the  fungus  on  scHue  of  the 
standard  synthetic  solutions,  sudi  as  those  of  TJsdiinsky  and  Knopp, 
a  further  attempt  was  made  to  put  together  chemicals  representing 
approximately  the  cmnpounds  found  in  the  potato  tuber.  In  this 
work  the  potato  analyses  of  Watson  (1895,  p.  194)  were  used  as  a 
basds.  He  analyzed  the  ash  of  eight  varieties  of  potatoes.  Early 
Essex,  Beauty  of  Hebron,  Burbank,  Green  Mountain,  Charles 
Downing,  Early  Eose,  Early  Ohio,  and  Sunrise,  and  gives  the  aver- 
age of  each  of  the  constituents  for  these  varieties  to  be  as  shown  in 
Table  VI. 

Table  YI. — Average  conttltuenU  of  eight  varieties  of  potato  tubert. 


Hotatoo 

Aih 

Nltrogai 

FhivflKTla  add  (FtOi 

pDtuVKtO) 

UuiaCOkO) 


Uunetiom  (UgO). . 
Sufpfaurio  odd  (B0|) 

Bo<&<N>tO) 

Chloiia 


In  making  up  our  liquid  media  it  was  practicable  only  to  approxi- 
mate t^  above  compositifHi  percentages.  Each  of  the  cfKubinatitms 
used  contained  some  carbon  compound  and,  if  no  nitrogen  was  sup- 
plied in  the  in<HrgBnic  salts,  some  nitrogenous  organic  compound  was 
added,  such  as  asparagin.  The  growth  that  was  obtained  on  these 
broths  contributed  nothing  positive  toward  the  main  problems  in 
mind,  but  they  have  interest  as  showing  that  a  fairly  normal  growth 
of  this  fungus  may  be  had  on  purely  synthetic  media  and  they  con- 
tribute some  facts  of  general  interest  concerning  the  nutrition  of 
fungi.  The  composition  of  these  various  media  and  the  resulting 
growth  are  shown  in  Table  VII. 
81706'— Boll.  246—12 4 
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IS  IV  except  that  untested  "C.  P."  chemicals  were  used  without  mrlfloatliTn. 


The  following  comments  will  help  in  the  interpretatjon  of  the 
table.  It  is  noteworthy  that  the  best  growth  was  in  No.  IV,  which  is 
as  nearly  a  duplicate  of  the  analysis  of  potato  ash  as  was  found  prac- 
ticable with  chemicals  of  known  composition.  It  was  found  that  a 
dilution  of  this  medium  to  one-tenth  of  its  original  strength  produced 
practically  as  much  growth  as  the  original  medium.  On  the  other 
hand,  increasing  the  strength  of  the  solution  by  using  three  times  the 
quantity  of  chemicals  srtill  gave  a  fair  growth,  but  wiUt  the  broth 
that  was  made  with  ten  times  the  quantity  of  chemicals  no  growth 
resulted.  From  this  it  seems  that  Phytophthora  infeatans  can  find 
a  good  food  supply  even  in  a  very  dilute  solution,  where  the  osmotic 
pressure  is  comparatively  low,  and  that  it  is  unaMe  to  grow  in  a 
solution  with  a  relatively  high  osmotic  pressure.  This  result  is,  of 
course,  to  be  expected  from  the  chemical  compositi<m  of  its  natural 
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gnbetratum,  the  potato,  where  the  osmotic  pressure  produced  by 
the  inorganic  salts  is  very  low,  and  it  is  also  in  accord  with  the 
observation  of  Hecke  (1898),  already  cited. 

It  may  safely  be  assumed  that  one  of  the  reasons  for  failure  in 
Nos.  I,  II,  and  III  is  that  the  chemipals  used  were  sufficient  to  pro- 
duce osmotic  pressure  too  high  for  the  growth  of  the  fungus.  They 
contained  16.1  to  31.1  grams  of  soluble  material  as  against  11.25 
grams  in  No.  XXIV,  in  which  the  concentration  of  the  solution  is 
clearly  the  cause  of  failure,  as  may  be  seen  by  comparison  with  No. 
ly.  The  absraice  of  a  suitable  supply  of  nitrogen  suggests  itself  as 
another  possible  explanation.  In  Ko.  I  nitrogen  is  supplied  as 
anunonium  phosphate  and  also  as  an  impurity  of  the  glycerin.  In 
No.  II  ammonium  phosphate  is  the  only  source  of  nitrogen,  while  in 
No.  Ill  calcium  nitrate  is  added.  The  presence  of  glycerin  may 
have  inhibited  growth  in  No,  I,  and  the  Fesults  with  No.  XIX  sug- 
gest that  calcium  nitrate  may  have  been  a  disadvantage  in  No.  IIL 
It  may  be  noted  that  No.  I  is  a  modified  Fermi  solution. 

When  compared  with  No.  IV,  the  results  from  No.  V  show  that 
in  the  c(xnbinations  employed  asparagin  is  essential  for  growth,  and 
the  results  from  No.  VI  show  that  potassium  nitrate  is  needed,  or 
that  an  excess  of  aspara^n  inhibits  growth.  No.  VII  would  seem 
to  show  that  starch  can  not  be  utilized  in  place  of  asparagin,  and  Nos. 
VIII  and  IX  would  show  the  same  concerning  urea.  In  Na  X 
it  appears  that  mannite  can  replace  asparagin  to  a  very  slight  ex- 
tent. It  is  hard  to  understand  just  why  growth  took  place  in  Ko^ 
XI  and  not  in  No.  VI,  but  apparently  the  combination  of  mannite 
and  asparagin  sufficed  to  fill  the  lack  of  potassium  nitrate. 

From  the  results  on  these  broths  and  the  others  not  specifically 
mentioned  it  would  seem  as  though  it  can  he  safely  assumed  that 
mannite,  potato  starch,  urea,  and  calcium  nitrate  are  not  of  appre- 
ciable use  as  a  source  of  food  for  Pkytopktliora  infestans.  It  would 
also  appear  that  asparagin,  magnesium  sulphate,  acid  potassium  phos- 
phate, and  possibly  potassium  chlorid  are  essentflbl  to  its  growth. 

The  remaining  broths,  Nos.  XIV  to  XXII,  all  contained  asparagin 
and  on  all  of  them  more  or  less  growth  appeared,  the  amount  varying 
with  the  other  chemicals  in  the  solution.  The  best  of  these  are  Nos. 
XIV  to  XVin,  inclusive.  In  No.  XIX  the  addition  of  the  calcium 
nitrate  seems  to  have  an  inhibiting  effect  on  the  fungus  and  the 
growth  is  slight ;  at  any  rate  the  growth  is  not  equal  to  that  made  in 
Nos.  XIV  and  XV  with  calcium  carbonate.  The  entire  absence  of 
calcium  in  No.  XVII  did  not  seem  to  prevent  a  good  growth.  Thig 
may  be  interpreted  as  a  confirmation  of  the  work  of  A.  Mayer  *  on 
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yeast,  or  Raulin*  on  Aspergillus,  and  Winogradsky  *  on  Siycoderma 
vinif  Done  of  whom  found  calcium  necessary  for  fungous  growth.  I 
Nos.  XX  and  XXI  show,  probably  as  a  result  of  the  lai^  of  potas- 
sium, a  very  slight  growth,  while  Xo.  XXII  with  the  potassium 
supplied  as  potassium  chlorid  seems  to  have  had  its  growth  inhibited 
by  the  addition  of  the  calcium  nitrate,  as  does  No.  XIX. 

While  the  results  with  these  broths  are  not  complete,  th^  indicate 
that  PkytophtTiora  infettans  is  limited  to  certain  combinations  of 
chemicals  as  sources  of  carbon,  nitrogen,  and  energy.  The  only 
really  efficient  single  carrier  of  these  which  was  found  is  asparagin, 
and  the  availability  of  this  substance  seems  to  be  dependent  upon  the 
presence  of  other  Chemicals,  as  may  be  seen  by  a  comparison  of  Nos. 
rv,  VI,  and  XI.  In  No.  TV  asparagin  is  the  only  source  of  carbon 
and  energy;  in  No.  XI  it  is  the  only  source  of  nitrogen;  in  No. 
VI  it  is  the  only  source  of  any  of  the  three.  It  will  be  noted  that 
good  growth  appeared  in  No.  IV  and  in  No.  XI,  but  no  growth  in 
No.  VI.  Neither  mannite  nor  potato  starch  could  take  the  place  of 
asparagin,  even  when  combined  with  nitrogen  in  the  form  of  potas- 
sium nitrate,  and  urea  was  not  more  suitable  even  when  combined 
with  mannite,  as  in  No.  XIII.  The  results  also  seem  to  show  that 
certain  inoi^nic  salts  such  as  calcium  nitrate  will  have  an  inhibit- 
ing effect  on  the  growth  even  when  all  the  other  food  constituents  ' 
are  supplied,  as  in  XXII. 

QBowTH  05  BYKiarnc  hedu  wtth  the  ADDnron  of  agab  ob  oBLATiif. 

.  In  connection  with  these  trials  a  number  of  the  standard  liquid 
solutions  for  the  cultivation  of  fungi  were  solidified  with  agar  or 
gelatin  and  Phytophthora  was  tried  on  them.  These  included  the 
Fermi,  Uschinsky,  and  Knopp  solutions  and  a  number  of  modifi- 
cations of  a  solution  given  by  Heinemann  (1907)  as  a  potato  substi- 
tute culture  medium. 

The  regular  Fennj  gelatin  was  made  by  the  addition  of  10  grams    : 
of  Nelson's  photographic  gelatin  to  100  c.  c  of  Fermi's  solution,  the    ' 
solution  then  b«ng  cleared  by  the  white  of  egg.     A  modification  was 
made  in  a  similar  way,  except  that  it  contained  only  10  c  c.  of  Fermi's 
solution,  to  wbidi  90  c  c  of  water  and  10  gruns  of  gelatin  were 
added. 

The  tJsdiinsky  gelatin  was  made  in  the  same  way,  using  lOO  c.  c. 
of  Uschinsky  solution  and  10  grams  of  gelatin. 

>IU.a1lD,  1.    fitadefl  Cbemlqaea  mir  la  V^Ctatlon.     AqtwIm  d«s  Sctcncea  NBtiu«IIv.  I 

Botanlqne,  Rer.  6,  vol.  ]1,  1869.  p.  224.  i 

*  WlDOKT«dBkj'.   8.     Ueber  die   Wliktmg  Kuuerer  ElnflOaae  anf  die   Entwlcklnng   na  i 
H;coderma  Vlnl.      (Arbelten  der  St,  Petcccbnrgrr  Natnpforschende  GneUacbatt,   toI.    14. 

pt.  2,  1S84,  pp.   132-136.)      (Snaslan.)     Atwttact  In  Botanlachea  Centralbtatt,   toL  SO.  ' 
I8S4,  p.  167. 
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The  Enopp  gelatin  c(Hisisted  of  10  grams  of  gelatin  ^milarly  com- 
bined with  the  following  solution:  Calcimn  nitrate,  0.068  grams; 
potassium  nitrate,  0.017  grams ;' magnesium  sulphate,  0.017  grams; 
potassium  pho^hate,  0.017  giams;  water,  lOO  c.  c 

Heinemann's  medium,  as  given  by  him  (1907),  contAined  the  fol- 
lowing: Magnedium  sulphate,  2  grams;  calcium  chlorid,  2  grams; 
ammonium  lactate,  2  grams;  peptone,  10  grams;  agar,  10  grams; 
starch,  10  grams;  water  (to  make  a  total  of  1,000  grams),  944  t^  c 

In  our  procedure  the  some  constituents  were  used,  except  for  the 
omisEion  of  the  peptone  and  the  addition  of  potassium  and  sodium 
phosphate,  but  thej  were  made  up  in  three  parts  so  that  the  propor- 
tion of  agar,  chemicals,  and  starch  could  be  varied,  as  follows: 

(1)  Ten  Erams  of  agar  tti  400  c.  c.  of  distilled  water. 

(2>  Two  grams  each  of  dlpotaBslom  hydrogen  jdiosidiate,  disodlum  hjdrogai 
pboapbakte,  magne^um  anlphate,  calcium  dilorld,  ammonlDm  lactate;  water, 
aOOc.  c. 

(8)  Thirty  grama  of  atarch  In  200  c.  c.  of  water. 

Five  different  mixtures  of  these  three  parts  were  used : 
<A)  120  c.  e.ofl;40c.aof2;40c.c.  of  distilled  water. 
{B)  120c.  c.  of  l:40c.c.o(2;40c.  cof  3. 
<G)  60  c.  c.  of  l;40c.  c.  of  2;80g.c.  of  dletUled  water. 

(D)  80  c.  G.  of  1;  40  c.  cof  2;  40  c.  c.  of  3;  40  c.  c.  of  dlatUled  water. 

(E)  40  c.  cof  1;  40  c.  c.  of  2;  40  c.  cof  S;  80  c.  c.  of  distilled' water. 
Heinemann's  medium,  as  he  made  it,  is  5  per  cent  acid,  but  these 

modifications  were  all  titrated  and  made  neutral  to  phenolphthalein 
by  the  addition  of  sodium  hydroxid. 

The  growth  waa  only  alight  on  the  Fermi,  Uschinsky,  and  Knopp 
gelatins  and  no  production  of  conidia  occurred.  On  the  modificatioas 
of  Heinemann's  substitutes  for  potato  a  fair  growth  appeared  after 
three  days  in  the  tubes  of  three  of  these  variations  (A,  C,  and  E) ;  a 
somewhat  smaller  growth  appeared  in  another  (B),  and  a  slight 
growth  in  the  fifth  (D).'  A  secwid  titration  of.  these  media  showed 
this  last  (D)  to  be  slightly  more  acid  than  the  others,  and  the  differ- 
ence noted  was  attributed  to  this  fact.  The  other  fact  brought  out 
was  that  the  fungus  thrived  better  in  a  medium  without  starch.  The 
starch,  even  though  in  small  amount,  may  present  here  the  same  me- 
chanical obstacles  to  the  advance  of  the  fungus  that  it  does  in  the 
cooked  potato.  The  mycelial  threads  were  found  in  these  synthetic 
media  to  contain  an  abnormal  amount  of  fat  globules  and  to  have 
penetrated  the  substratum  to  a  considerable  extent.  In  some  cultures, 
where  there  was  almost  no  visible  growth,  the  medium  was  melted  and 
the  agar  and  starch,  which  rendered  the  medium  semiopaque,  were 
washed  away,  whereupon  an  abundant  mycelial  growth  was  revealed. 
Lateral  branches  of  this  mycelium,  which  were  richly  supplied  with 
nrotoplasm,  often  showed  3  to  6  constrictions  at  intervals  of  30  to  80 
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micr<Hi8,  which  apparently  represented  abortive  attempts  at  the  for- 
mation of  the  resting  spores  noted  in  other  cultures.  The  presence 
of  an  unusnal  amount  of  fat  in  the  hyphse  is  an  indication  that  the 
fungus  was  not  in  normal  ccndition  and  that  none  of  these  substrata 
are  satisfactory  substitutes  far  potata 

QBOWTH  OR  STKIHETIC  UEDIA  WITB  8IU0ATE  lELLT. 

In  cH^ier  to  compare  the  growth  oa  solid  and  liquid  media  where 
the  nutritive  elements  are  the  same,  recourse  was  had  to  the  use  of 
silicate  jelly.  The  synthetic  broths  Nos.  I  to  IV,  the  constituents  of 
which  are  shown  in  Table  VII,  were  used,  the  chemicals  being  dis- 
solved in  only  one-tenth  the  usual  amount  of  water,  and  10  c.  c.  of 
each  was  added  to  90  c.  c.  of  the  silicate-jelly  mixture.  Growth 
appeared  on  all  of  these  solidified  synth^ic  media,  the  best  being  on 
No.  IV,  These  growths  did  not,  however,  differ  appreciably  frran 
those  obtained  on  the  corresponding  liquid  media  either  in  quantity 
or  character.  This  indicates  that  the  fungus  is  indifferent  as  to 
whether  its  food  occurs  in  a  liquid  or  solid  substratum  and  that  a 
gelatinous  material  of  the  consistency  of  silicate  jelly  offers  no  serious 
obstacle  to  its  progress. 

BIOCBBHICAL    AND   THEBJUX   BELATIONS    OF   PETTOFHTHOKA 


In  connectiwi  with  the  cultural  studies  already  described,  some 
observations  were  also  made  on  the  relations  of  varying  degrees  of 
acidity  and  alkalinity  of  the  medium  to  the  vigor  and  character  of 
growth,  as  well  as  upon  the  temperature  relations.  These  observa- 
tions, while  not  complete  in  all  respects,  give  some  interesting  evi- 
dence as  to  the  resistance  of  the  fungus  to  extremes  of  temperature 
and  also  as  to  its  sensitiveness  to  the  reaction  of  the  substratum. 


RELATIONS  TO  ACIDS  AND  ALKALIS 


The  growths  obtained  on  the  various  media  used  in  the  preceding 
studies,  of  which  the  reactions  ranged  frwn  +14  to  0  Fuller's  scale, 
have  served  to  indicate  that  the  fungus  will  survive  a  fairly  wide 
range,  being  scarcely  more  sensitive  to  acids  and  alkalis  than  most 
of  the  bacterial  plant  pathogenes.  In  order  to  make  more  critical 
demonstrations  upon  this  point,  a  special  series  of  cultures  was 
run  on  Lima-bean  agar  that  had  been  made  neutral  to  phenolphtha- 
lein  and  then  reenforced  with  definite  amounts  of  acid  and  alkali- 
Malic  acid  was  chosen  as  the  acid  to  use,  since  Snyder  (1896,  p.  85) 
dhows  it  to  he  the  one  normally  present  in  the  potato  tuber.  Sodium 
hydiozid  was  used  as  the  alkali.  It  was  found  that  the  carbon  dioii<l 
of  the  lab(»ratory  atmosphere  seriously  altered  the  reaction  in  ^cb 
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alkaline  culturo  tubes  before  the  end  of  the  five  to  seven  days  which 
the  fungus  required  for  characteristic  growth.  To  avoid  this  diffi- 
culty, the  inoculated  alkaline  tubes  after  inoculaticn  were  promptly 
placed  in  sealed  glass  jars,  together  with  a  tube  of  concentrated 
potassium  hydroxid  solution,  and  they  were  retitrated  at  the  end  of 
the  experiment.  Table  VIII  gires  fiie  results,  the  titrations  b^ng 
expressed  according  to  Fuller's  scale. 

I  ittfestana  in  acid  and 


Titration  at 

RetitratlML 

b<«iim[DKO[ 

eip<rin»nt. 

+40 

+3T.5 

Nognnrth. 

+K 

Very  UtUe  growth. 

+» 

+1S 

8omagro»rth;noIniltlnE. 

+10 

+10 

Fslr  growth;  (niltlQginueli  Ipssthiui  on  nflutral  medium. 

—  3 

Fitr  erovth,  but  mueb  less  than  on  nnitnl  medium:  no  (rultEng. 

-10 

ralrErowtlilii3tubM,Bll^lDUuotlKii6;  iioftultiii«. 

-IS 

Veryrtlgbterowth.                                                     ^ 

-12 

So  growtb  qipanoL 

From  these  results  it  will  be  seen  that  this  fungus  is  more  sus- 
ceptible to  the  alkali  than  to  the  acid.  The  first  effect  of  acid  and 
alkali  alike  was  to  prevent  the  formation  of  the  fruiting  branches ; 
but  while  the  smallest  amount,  viz,  —3,  of  the  alkali  did  this,  it 
required  -|-15  acid  to  produce  the  same  result.  In  contrast  with  this 
result  was  the  wide  range  over  which  some  vegetative  growth  may 
take  place,  viz,  at  least  —8  to  -|-25.  The  acid  condition  of  the  potato 
tissues  would  lead  one  to  expect,  of  course,  that  the  preponderance 
would  be  toward  the  acid  end  of  the  scale,  but  the  inhibiting  effect  of 
even  the  smallest  per  cent  of  sodium  hydroxid  was  so  marked  as  to 
suggest  that  the  lime  present  in  Bordeaux  mixture  may  have  more 
fungicidal  value  than  is  generally  supposed. 

Acknowledgments  are  due  to  Dr.  Mel  T.  Cook,  of  the  Delaware 
Agricultural  Experiment  Station,  for  determining  the  effect  of  tannic 
acid  upon  the  development  of  Phytophthora  and  for  placing  the 
results  of  his  investigations  at  our  disposal.  He  grew  cultures  of  the 
fungus,  sent  for  this  purpose  from  our  laboratory,  on  Lima-bean 
agar  made  according  to  the  formula  already  given.  To  this  medium 
tannin  was  added  in  varying  proportions  from  0  to  0.6  per  cent,  as 
foUows:  0,  0.0067,  0.007,  0.0083,  0.01,  0.0125,  0.0167,  0.025,  0.05,  0.1, 
0.2, 0.4,  and  0.6  per  cent.  The  experiment  was  repeated  several  times. 
Some  variation  was  shown  in  the  results,  but  the  growth  was  better 
in  all  media  without  tannin  than  where  even  the  smallest  amount 
of  tannin  was  present.  Tannin  of  the  five  lesser  strengths,  0.0067  to 
0.0125  per  cent,  gave  a  scHuewhat  smaller  growth,  but  it  still  was  fairly 
luxuriant  and  practically  the  same  throughout.    From  0.0167  to  0J)5 
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per  cent  the  growth  was  appreciably  less  than  in  the  weaker  series 
but  without  mu<di  difference  within  these  limits.  From  this  point 
there  was  a  maiked  decline  in  rigor  and  from  0.2  to  0.6  per  cent, 
inclusive,  there  was  practically  no  growtii  at  alL  Dr.  Cook's  primary 
aim  in  his  studies,  which  have  included  many  other  fungi  (1910,  pp. 
751-752),  is  to  learn  whether  tannin  may  be  a  factor  in  detaTnining 
relative  disease  resistance.  While  this  may  be  the  case  with  certain 
hosts  and  parasites  it  seems  hardly  probable  with  the  potato,  since  its 
normal  tannin  content  is  very  low. 

THBBUAL  SEIATIONS. 

Considerable  work  has  been  done  by  previous  investigators  on  the 
temperature  limits  for  the  life  and  growth  of  PKytophtkora  infestana, 
and  these  investigations  supplemented  by  the  following  studies  show 
that  its  growth  is  favored  by  a  relatively  low  temperature  while  the 
fungus  survives  a  lower  temperature  at  least  than  the  host  plant. 
Jensen  (1887)  concluded  from  his  trials  that  a  temperature  of  26° 
C.  was  fatal  to  the  mycelium  in  the  tubers,  while  only  25"  C.  was 
necessary  to  kill  the  spores.  Jensen's  conclusions  as  to  the  probable 
relation  of  this  theima)  death  point  to  the  delay  in  the  transfer  of 
the  fungus  from  South  America  to  Europe  were  reviewed  earlier 
in  this  bulletin,  as  was  also  his  ingenious  method  of  tuber  disinfection 
by  dry  heat.  More  recenUy  Matruchot  and  MoUiard  (19<^,  p.  524) 
report  that  growth  in  culture  stops  at  30°  C,  but  they  did  not  deter- 
mine the  tiiermal  death  point. 

Our  own  determinations  of  the  thermal  death  point  of  the  fungus 
lead  us  to  plaoe  it  somewhat  higher  than  Jensen  did ;  but  the  methods 
used  are  not  strictly  comparable,  since  our  trials  were  made  with 
cultures  in  potato  gelatin.  Four  strains  were  tested,  one  tube  of  each 
strain  being  subjected  to  each  temperature.  After  inoculation  the 
gelatin  in  these  tubes  was  carefully  warmed  to  the  melting  point, 
control  tubes  being  similarly  melted  at  the  same  time.  The  experi- 
mental tubes  were  then  immersed  in  a  water  bath  the  temperature  of 
which  could  be  controlled  to  one-tenth  of  a  degree  centigrade.  The 
tubes  were  immersed  four-fifths  of  their  length  and  a  thermometer 
was  placed  in  a  control  tube  beside  them.  The  tubes  were  exposed 
for  10  minutes  after  the  temperature  inside  the  otmtrol  tube  had 
reached  the  desired  point. 

Exposures  were  made  at  temperatures  ranging  from  29°  to  50°  C. 
No  inhibiting  effects  resulted  from  such  heating  at  temperatures 
below  37°  C,  but  some  of  the  tubes  carried  above  this  temperature 
failed  to  grow.  The  lack  of  uniformity  in  these  results  was  attribu- 
ted to  the  fact  that  the  culture  tubes  used  in  these  trials  were  thick 
walled  and  not  very  uniform.    A  second  trial  was  therefore  made, 
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Xieang  very  thJD-walled  tubes.  Good  growths  appeared  in  all  tubes 
expoeed  to  temperatures  up  to  40°  C,  but  beyond  this  the  results  as 
to  growth  were  doubtful. 

The  ability  of  the  fungus  to  withstand  cold  is  important  in  view 
of  its  life  histmy  in  its  native  habitat,  where  it  must  pass  the  period 
of  d<Hrmancy  in  some  way  in  the  soil  at  relatively  low  traDparatiire& 
Matruchot  and  Molliard  (1903,  p.  542)  found  that  the  growth  was 
rapid  at  tb«  average  temperature  of  their  laboratory  (about  !&"  C). 
The  best  temperature  for  good  growth  in  tube  cultures  on  raw-potato 
cylinders  or  oUier  media  was  found  in  our  trials  to  be  about  16°  to  18° 
C.  The  growth  of  the  fungus  at  low  temperatures  was  tested  by  the 
following  ezperiment :  Forty  tubes  of  Lima-bean  agar  after  inocu- 
lation with  the  Phytophthora  were  placed  in  four  compartments  of 
a  low-temperature  incubator,  10  tubes  being  placed  at  each  tempera- 
ture. £zaiainstions  and  comparisons  were  made  at  intervals  up  to 
S2  days.  A  similar  experiment  was  ccnducted  with  hig^  tempera- 
tures.   The  results  are  diown  in  Table  IX. 
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Some  attempts  were  made  to  determine  the  low  thermal  deatii  point 
of  Phytophthora  in  potato-gelatin  cultures.  The  results  indicatethat 
the  fungus  in  such  cultures  will  withstand  freezing  temperatures  fatfd 
to  the  potato  tuber.  Since,  however,  only  one  series  of  trials  was 
made  it  is  deemed  best  to  withhold  definite  conclusions  until  this  work 
can  be  repeated. 


The  members  of  the  group  to  which  this  potato  fungus  belongs 
typically  produce  sexual  spores,  oospores,  which  function  as  resting 
spores.  One  of  the  keenest  controversies  in  mycolo^cal  history  has 
concerned  the  question  as  to  whether  Phytophthora  infeataTia  pro- 

iThla  matter  was  prepared  for  pabllcaUon  In  1910.  Jntt  before  sending  It  to  prea* 
Cllnton'a  Intereatlng  annaimcement  was  received  concernlnK  the  dlacoter;  ol  ooapoiM  of 
the  potato  fuDKiiB.  It  has  not  Boemcd  irlBe  to  attempt  any  rerlelon  of  thla  text,  but 
m  footnote  at  the  c1<im  of  this  chapter,  pa^a  W,  C 
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duoee  such  resting  spores  or  whether,  on  the  contrary,  it  is  wholly 
dependent  for  overwintering  on  the  mycelium  infesting  potato 
tuhers.  De  Bary  in  his  early  studies  had  this  questitm  in  mind,  but 
bis  researches  (1876)  failed  to  discover  any  form  of  resting  spore. 
W.  G.  Smith  (1876, 1876)  later  found  bodies  which  he  said  were  such 
oospores,  and  Vize,  Broome,  Plowright  (Smith,  1876),  and  other 
English  botanists  accepted  his  evidence.  On  the  other  hand  De  Bary 
disputed  Smith's  claims,  and  other  mycologists,  Berkeley  (Smith, 
1876),  Cwnu  (1881),and  others,  WOTe  drawn  into  the  discussion.  The 
outcome  has  been  the  general  acceptance  by  modem  botanists  of 
De  Bary's  verdict,  "  not  proved,"  regarding  Smith's  work.  With  the 
exception  of  a  single  paper  by  Smorawski  (1890)  no  one  has  reopoied 
the  qnesti<Hi  during  the  last  25  years. 

As  already  stated,  attention  was  turned  to  the  development  of 
methods  of  handling  Phytophikora  infeatans  in  pure  culture  in  the 
hope  of  gaining  further  light  upon  the  question.  While  the  results 
are  not  by  any  means  conclusive  they  at  least  give  wcouragement 
for  further  effort.  Before  outlining  them,  a  summarized  account 
of  the  observations  and  conclusions  of  Smith,  De  Bary,  and  Smo- 
rawski is  needed  for  purposes  of  comparison. 

EABLIEB  INVESTIGATIONS. 

In  1875  W.  G.  Smith  published  his  first  announcement  of  tie 
discovery  of  what  he  claimed  were  oospores  of  Pkytopktkora  infes- 
tana.  He  obtained  these  spores  by  placing  potato  leaves  infested  with 
Has  fungus  in  a  moist  chamber  and  allowing  them  to  decay.  Upon 
later  examination  of  this  decaying  material  he  found  ot^onia  ,and 
antheridia  and  oospores  with  walls  either  smooth  or  spiny  and  he 
concluded  that  these  belonged  to  the  potato  fungus.  The  inconclu- 
siveness  of  this  evidence  is  apparent,  since,  decaying  leaves  are  open 
to  the  invasion  of  various  saprophytes.  The  following  year  Smith 
announced  (1876)  that  he  had  been  able  to  germinate  these  over- 
wintered resting  spores  and  frran  them  came  a  germ  tube  on  which 
was  produced  almost  immediately  a  sporangium  like  that  typical 
of  Phytophthora  infestans.  These  results  were  accepted  by  Vize, 
Broome,  and  Plowright  (Smith,  1876),  who  had  followed  his  studies. 

In  the  meantime  De  Bary,  under  the  patronage  of  the  Boyal  Agri- 
cultural Society,  had  been  employed  in  studies  upon  this  same  fungus, 
and  in  the  journal  of  that  society  for  1876  (De  Bary,  1876)  he  pub- 
lished the  results  which  led  him  to  discredit  Smith's  conclusions. 
Examining  potato  leaves,  as  Smith  had  done,  which  were  in  process 
of  decay  following  the  attacks  of  Pkytopktkora  infestana,  he  found 
numerous  fungus  devdopments  within  them,  two  of  which  resembled 
Smith's  so-called  oo6p(»%s.  One  of  these  he  showed  to  be  a  sapro- 
phytic Pytiiium,  wliich, because  of  the  trouble  it  had  given,be  called 
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Pythium  vevana;  the  other  he  identified  with  the  Artoprogus  hydno- 
tporug,  which  M<HitBgne  had  described  in  1845.  These  spores  were 
borne  either  at  the  tips  of  branches  or  intercalary  on  hyphse  showing 
some  septation  near  the  spore.  In  the  tissues  of  potatoes  penetrated' 
by  the  mycelinm  of  Phytophthora  he  found  other  bodies  which  sug- 
gested fxjgonia  or  oospores  of  the  potato  fungas.  He  interpreted 
these  also  as  Artotrogus  hydnoaporue,  basing  his  conclusion  largely 
upon  the  brief  description  and  figure  published  by  Berkeley  in  1846. 
Montague  described  two  kinds  of  these  spores,  a  smooth-walled  and  a 
spiny  one,  but  named  the  fungus  from  the  spiny  one.  Montagne  evi- 
dently regarded  the  two  as  stages  of  the  same  species,  the  smooth- 
walled  one  being  the  less  mature,  but  Do  Bary  was  inclined  to  believe 
that  while  they  were  locally  associated  they  were  distinct.  No  an- 
theridia  were  discovered,  even  after  the  most  diligent  search,  and  the 
spores  were  evidently  to  be  regarded  as  resting  spores  of  some 
unknown  fungus.  With  regard  to  the  relation  of  Artoirogua  hydno- 
gporue  to  PhytopJUhora  infestoM,  De  Bary  (1879,  pp.  25<5-267)  has 
this  to  say : 

Id  most  catee  I  fonnd  these  bodies  complete,  mature,  and  without  an;  distinct 
Indication  of  their  being  attached  to  mycelium.  It  was  certainly  remarkable 
(hat  they  were  often  situated  close  to  the  lnD»  surface  frf  the  cell  watla  In 
jtlaces  when  externally  the  mycelinm  of  Phytophthora  undoubtedly  ran  In  the 
Intercellolar  spaces,  or  even  where  a  short  branch  of  It  penetrated  the  interior 
of  the  ceU. 

All  these  phenomena  wwe  reconcilable  by  the  conjecture  that  the 
pridJy  bodies  mi^t  perhaps  be  the  long-sought  oospores  of  Phytoph- 
thora ;  but,  on  the  other  hand,  they  might  be  of  quite  different  origin 
and  their  bearers  or  producers  have  disappeared.  A  little  farther 
along  (p.  257)  he  says: 

TbM«  la  no  reason  whatever  to  ctmslder  them  as  bdonglng  to  the  potato 
fnngns,  unless  we  base  It  on  the  fact  that  I  found  them  close  to  that  fongos 
In  the  contae  of  experiments  In  search  of  Its  ooeporee. 

De  Bary  says,  however,  as  to  their  origin:  "They  grow  on  the  ex- 
tremities of  the  branches  of  a  mycelium,  which  is  very  like  that  of 
Pythium  vexans.'"  From  these  quotations  it  will  be  seen  that  Arto- 
trogus kydnoaporua  was  a  puzzle  to  De  Bary,  as  it  had  been  to  Mon- 
tagne and  Berkeley,  and  that,  while  he  evidently  believed  that  it  bore 
no  relation  to  Phytophthora  infestane,  he  was  never  able  to  establish 
their  distinctness. 

Comu  (1881,  p.  104)  examined  the  bodies  found  by  Smith  and  also 
the  Ar^trogus  hydnoaporus  of  Montagne  Smith's  oospores,  he 
seemed  inclined  to  believe,  belonged  to  some  species  of  Pythium. 
His  studies  included  chemical  tests  on  the  walls  of  the  Artotrogus 
spores.  He  concluded  that  nothing  in  the  nature  of  these  spiny- 
walled  spores  is  opposed  to  the  idea  that  they  belong  to  Phytoph- 
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tkara  infeatans,  or  if  not  to  that,  th^  to  it  Saprolegnia  different  from 
any  with  which  he  was  familiar.  He  ia  careful,  however,  not  to 
c<»nni)t  himself  fully  to  the  idea  that  they  actually  do  belcng  to  tlie 
Phytophthora. 

Smorawski  (1890)  used  the  same  metliods  aa  De  Bary  and  Smith, 
simply  teasing  apart  some  of  the  diseased  potato  leaf  fX  tuber  in 
water.  It  was  in  a  tuber  that  he  was  able  to  see  what  he  interpreted 
as  the  sexual  organs  of  the  fungus.  On  the  side  branch  of  a  conidio- 
phore  he  observed  two  ahart  thick  branches;  <Hie  of  these  was  sack 
shaped  and  the  other  approached  it  and  apparently  fused  with  it 
The  only  differentiation  in  the  oospore,  however,  was  a  dark  fat- 
containing  mass  at  the  center  surrounded  by  a  peripheral,  extremely 
fine-grained  layer  of  periplasm.  He  admits  that  it  was  impos^ble  at 
any  time  to  see  the  actual  pressing  in  of  the  antheridial  tube  into 
the  oogone.  For  this  reason  he  does  not  deny  tlie  possibility  of  a 
parthogenetic  development  of  the  oospores. 

Here,  thai,  is  the  present  state  of  the  pn^lem.  All  students  of 
Phytophthora,  reasoning  from  the  behavior  of  the  related  Pero- 
nosporales,  admit  the  possibility,  if  not  the  probability,  of  the  occur- 
rence of  resting  spores.  Moreover,  it  is  difficult  to  account  for  the 
occurrence  and  distribution  of  the  fungus  simply  by  means  of 
mycelium  overwintering  in  the  tubers.  Nevertheless,  the  claims  of 
Smith  and  Smorawski,  both  of  whom  report  the  observance  of 
oospores,  have  failed  to  carry  conviction  because  of  lack  of  accuracy 
in  the  methods  followed.  The  most  critical  students  have,  how- 
ever, admitted  the  possibility,  remote  thou^  it  be,  that  Montagne's 
Artotrofftts  hydnoaporua  may  be  the  resting  spore  of  Phytophthora. 

8TCDIE8  OF  THB  PROBLEH  OP  RSSXINO  SPOHES  AT  THE  VERMONT  STATION. 

We  will  now  review  our  own  investigations  bearing  upm  this 
question.  During  the  winter  of  1904^-05  W.  M.  Gambell,  WM^dng 
as  a  stud«it  in  our  laboratory  with  pure  cultures  of  Phytopkthora 
infestans  on  raw  potato,  observed  occasional  thick-walled  sporelike 
bodies.  All  told  he  found  only  eight  such,  but  since  they  occurred 
in  different  cultures  and  were  quite  similar  they  seemed  significant 
as  possibly  inmiature  resting  spores.  They  were  lying  embedded  in 
the  mycelium,  close  to  the  surface,  but  external  to  the  potato  blocks, 
22  to  23  microns  in  diameter,  spherical,  with  a  single  smooth  wall, 
2}  to  3  microns  thick,  which  was  in  some  nearly  colorless  and  in 
others  browned,  the  contents  coarsely  granular.  In  most  cases  their 
attachment  to  the  mycelium  could  not  be  seen  clearly,  but  they  ap- 
peared to  arise  terminally  on  branches  modified  but  little  if  any.  A 
few  man  bodies  essentially  like  these  have  since  been  found  on  our 
raw-potato  cultures,  but  in  no  case  have  they  appeared  to  us  to  be 
ncwmally  matured  functional  resting  spores,  although  they  were 
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clearly  of  sune  nnusual  nature,  resembling  resting  sporee  rather 
than,  the  ordinary  conidia  of  Fhytophthora.  Cultures  were  carried 
conduuously  daring  the  next  three  years,  at  first  on  raw  potato  and 
potato  extracts  and  then  on  the  various  other  forms  of  culture  media 
as  already  described.  Althou^  microscopic  examinations  were 
made  of  the  growths  on  these  media,  nothing  of  further  intwest  was 
seen  until  some  potato-gelatin  cultures  were  under  examination  in 
1008.  The  growth  in  this  gelatin  medium  is  chiefly  submerged,  witti 
a  meager  development  of  aerial  branches  and  sporangia.  Occasional 
l»own  specks,  Imrely  visible  to  the  naked  eye,  were  detected  in  the 
submerged  mycelium.  Under  the  microscope  these  specks  proved  to 
be  dusters  of  thick-walled  sporelike  bodies  essentially  like  those 
previously  found  in  the  raw-potato  cultures,  which  became  thus 
visible  to  the  naked  eye  because  of  a  brown  staining  of  the  potato 
gelatin  in  their  vicinity.  Particular  attentitm  was  given  thereafter 
to  the  growth  of  the  fungus  in  tbia  medium  and,  thanks  to  the 
development  of  the  brown  stain  in  their  vicinity,  these  bodies, 
although  never  in  great  abundance,  have  been  found  frequently 
enough  to  permit  careful  stndy. 

!bi  order  to  prepare  the  mounts  for  microscopic  examinatioa  it  was 
necessary  to  melt  the  medium.  The  mycelium  could  then  be  lifted 
oat  en  masse.  By  heating  the  medium  in  a  5  per  cent  solution  of 
potassium  hydroxid,  the  bulk  of  the  gelatin  adhering  to  it  was  re- 
moved and  the  material  was  then  ea^y  examined  in  ^ycerin  and 
permanent  mounts  made  in  glycerin  jelly.  In  sfflne  cases  the  transfer 
was  made  directly  from  the  melted  culture  medium  to  j^ycerin  and 
thence  to  glycerin  jelly  in  order  to  avoid  possible  alterationa  by  the 
caustic  solution.  The  growth  of  the  fungus  in  potato  gelatin  is  never 
very  rapid  or  abundant.  The  development  of  these  bodies  does  not 
begin  until  the  vegetative  growth  has  passed  its  greatest  vigor,  which 
at  a  temperature  of  20"  C.  has  usually  been  some  time  during  the 
seotmd  week.  The  brown  stain  is  slight  at  first  but  deepons  with  age. 
Much  variation  in  structure,  grouping,  and  mode  of  develofonent  of 
these  bodies  has  been  observed,  partly  due  to  variations  in  medium. 
Most  of  these  bodies  have  clearly  been  abnormal  developments,  or  at 
least  have  failed  to  reach  normal  maturify.  Indeed,  we  doubt  if  any 
of  them  are  to  be  regarded  as  strictly  normal.  Nevertheless,  it  seems 
w<M*th  while  to  figure  and  describe  the  more  c(Hnmon  or  striking  fea- 
tures observed.  In  some  cases  some  of  Uiese  bodies  were  developed 
intercalary  in  a  hyt^a,  which  differed  from  t^e  ordinary  vegetative 
byphte  merely  by  the  local  enlargement  and  thickening  of  the  walls 
(PL  V,  figs.  18  and  22).  Usually,  however,  they  were  terminal  and 
single  and  the  hypha  bearing  them  was  enkrged  and  thickened  for 
some  distance  backward  (Pis.  IV  and  V,  figs.  1-12).  Frequentty 
the  bnmch  forked,  bearing  two  or  more  of  the  bodies  tominally 
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{PI.  V,  figs.  11  and  12) ;  the  forking  was  in  some  repeated  aevetal 
times  in  quite  regular  dichotomy  with  the  separate  branches  fsiriy 
long  (PI.  rV,  fig.  10)  and  in  others  thej  were  less  regular  and  short 
so  as  to  bring  numerous  bodies  into  a  rather  dense  irregular  duster 
(PI.  ly,  fig.  1).  The  mycelium  in  old  cultures  of  Phyt<^bthon 
shows  frequent  aeptatitm,  and  this  usually  occurred  in  the  vidnity 
of  those  bodies,  but  there  seemed  no  point  where  a  septum  r^u- 
larly  occurred  to  delimit  the  enlarged  sporelike  end  from  the  («di- 
aary  vegetative  hypha.  The  wall  of  the  enlar^ng  end  immedi- 
ately adjacoit  to  the  protoplasm  was  sharply  defined,  thickened,  and 
soon  became  distinctly  browned,  the  color  increasing  with  age.  In 
our  first  series  of  cultures  on  potato  gelatin  this  wall  was  bounded 
externally  by  a  much  thicker,  clear,  refractive  layer  (PL  IV-V,  figs. 
1-16),  which  cranmtHiIy  showed  some  of  the  brown  coloration,  but 
might  remain  dear.  At  the  periphery  this  layer  was  in  some  speci- 
m«is  quite  smooth,  with  faint  but  distinct  delimitation  (PI,  Y,  figs. 
11  and  12) ,  the  granules  being  apparently  ld  part  the  rou^eoed  sur- 
face of  this  layer  itself  and  in  part  the  granular  matter  of  the 
medium.  This  layer  itself  was  interpreted  to  be  an  abnormally 
gelatinized  surface  layer  of  the  wall,  probably  comparable  to  the 
exospore  of  the  more  normally  developed  spores  to  be  described  later. 
It  is  to  be  remembered  that  theee  bodies  wherever  found  were 
developed  on  the  submeiged  byphse  in  the  gelatinous  medium  and 
that  the  characters  of  the  wall  both  as  to  coloration  and  thickness  were 
doubtless  in  some  degree  modified  thereby.  The  protoplasm  was 
denser  and  more  coarsely  granular  in  these  sporelike  enlaigunents, 
with  large  vacuoles,  and  frequently  contained  relatively  large  oil 
globules.  There  was  no  differentiation  of  central  from  peripheral 
portions  comparable  to  oosphere  and  periplasm  except  in  one  case 
( PI.  y ,  fig.  11).  This  bore  a  striking  resemblance  to  a  young  oospan, 
but  since  its  occurrence  was  exceptional  and  the  medium  so  abnormal 
but  little  importance  can  be  atteched  thereto.  Embedded  in  the  gela- 
tinous outer  envelope  Uiere  occurred  in  many  cases  in  our  earlira: 
cultures  small  bodies  the  nature  oc  function  of  whidi  was  not  ap- 
parent. These  were  lens  or  saucer  shaped,  clear,  hi^y  refractive, 
and  often  with  what  appeared  to  be  a  vacucde.  It  may  be  recalled 
that  Stevens  (1899,  fig.  91)  found  somewhat  ^milar  bodies  in  the 
eariy  stage  of  the  developing  exospore  of  Albugo  bUH,  but  without 
vacuoles.  This  vacnolelike  appearance  suggests  a  protoplasmic  nature 
for  the  bodies,  but  that  idea  does  not  seem  tenable.  Since  the  bodies 
have  not  been  seen  in  our  more  recent  cultures  they  must  be  reguded 
as  abnormalities  or  possibly  even  as  artifacts.  The  discovery  of 
these  sporelike  structures,  ev&i  though  evidently  abn<»inal,  stimn- 
loted  to  further  cultures  in  the  h<^  of  obtaining  normally  matured 
spores.    For  these,  both  potato  gelatin  and  Lima-bean  amr  b»n 
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been  used.  These  further  studies  have  added  consideraUy  to  our 
knowledge  of  boUi  -the  early  stages  and  of  the  later  derelopmrats  of 
these  bodiea  In  the  very  young  cultures  tram  the  potato  gelatin  it 
was  found  that,  the  productitm  of  typical  conidia  ceases  soon  after 
transfer  to  this  medium.  Instead,  the  bodies  already  described  have 
generally  soon  appeared,  their  numbers  reaching  the  maximum  in  six 
to  eight  days,  and  in  certain  cases  they  have  developed  at  about  the 
end  of  the  second  week  into  what  appear  to  be  mature  resting  spores 
with  thick  spiny  walls.  Even  these  later  developments  can  not  be 
accepted  as  entirely  normal,  but  since  they  are  evidently  much  more 
nearly  so  than  the  earlier  ones  the  details  will  be  reviewed  as  to  their 
development  and  structure.  Sinc«  no  antheridia  have  been  found  and 
the  nature  of  the  bodies  is  uncertain  we  shall  call  them  resting 
qwres. 

The  swellings  are  commonly  terminal,  but  may  be  intercalary ;  in 
which  case  they  are  more  apt  to  arise  at  a  point  where  the  hyplue 
branch.  The  hyphal  walls  immediately  adjacent  are  swollen  to 
several  times  the  normal  thickness  and  may  show  evidence  of  stratifi- 
cation. The  walls  in  the  early  stages  are  also  thidrened  and  as  a 
rule  are  externally  smooth.  A  few  have  been  observed,  however, 
having  external  protuberances  suggestive  of  the  early  stage  of  spine 
formation.  The  protoplasm  extends  into  these  protubwances  so  as 
to  form  a  stellate  mass  in  cross  secticm  (PI.  YI,  figs.  26  and  26).  At 
this  stage  the  walls,  which  at  Sist  were  ccJwless,  were  becoming  li^t 
yellow  and  when  sectimied  ceased  to  take  up  analin  stains,  as  they 
had  done  earlier.  Where  the  protoplasmic  protuberances  extended, 
spines  apparently  were  finally  developed  by  the  shrinking  back  of 
the  material  between.  With  approaching  maturity  the  protoplasmic 
arms  were  withdrawn  into  the  central  mass,  which  thereupon  became 
a  sphere. 

Similar  stages  were  observed  by  De  Bary  in  the  development  of 
the  spores  of  Artotrogus  hydiiOBporus.  He  records  {18T6,  p.  267) 
that  the  external  prominences  of  the  wall  were  at  first  short  and 
blunt,  then  developed  into  longer  sharp  spines,  the  protoplasm  pro- 
jecting at  first  into  these  and  being  later  withdrawn  into  a  globular 
mass  inclosed  in  a  smooth  double  membrane.  The  noteworthy  differ- 
ence is  that  our  spores  of  this  mature  spiny-walled  type  show  but  a 
single  cell  membrane. 

In  early  form  and  ultimate  size  these  spores  have  shown  consider- 
able variation.  If  terminal,  they  were  approximately  spherical,  but 
if  intercalary  at  the  forking  of  a  hypha  they  may  be  quite  irregular 
(PL  VI,  figs.  34,  86,  88).  They  are  in  contrast  in  this  respect  widi 
the  spherical  form  that  is  found  in  the  loose  mycelium  growing  on 
tlie  raw  potato.  Doubtless  this  variation  from  the  regular  spherical 
form  is  simply  due  to  the  growth  tension  actii^  with  the  e 
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pressure  of  the  embedding  culture  medium.  In  diameter  thc^  hftve 
varied  from  20  to  60  microns.  Those  that  have  matured  sufficientlj 
to  form  apiny  walls  arB,  however,  more  uniform,  the  usual  sizes 
ranging  from  21  to  33  microns.  A  tendency  has  been  noted  toward 
two  extremes  in  size,  with  fewer  of  the  intermediate  sizes.  No  tabu- 
lated record  of  measurements  has  been  kept,  but  we  estimate  that 
about  one-half  of  all  mature  spinj-waUed  spores  we  haTe  seen 
have  been  of  the  larger  type,  i.  a,  30  to  33  microns  diameter,  one- 
fourtii  of  the  smaller  type,  i.  e.,  21  to  22  microns,  and  one-fourth 
intermediate  between  these  two.  It  is  probable  that  this  difference 
in  size  is  merely  due  to  nutrition.  In  eame  cases  the  two  sizes  were 
borne  side  by  side  and  on  the  same  thread  (PI.  YI,  &g.  36).  In  most 
cases  the  spiny-walled  spores  had  become  detached  frnn  the  threads 
on  which  they  were  borne  and  were  found  lying  free  and  singly.  A 
few  have  been  observed  attached  singly  to  short  sporophores  and  a 
few  have  been  found  clin^ng  together  in  clusters  of  two,  three,  or 
even  a  much  larger  number  (PI.  VII,  figs,  89-41). 

A  considerable  variation  has  been  observed  also  in  the  thidcness  of 
tlie  wall  and  the  character  of  the  spines.  Taking  the  larger  type  (PL 
VI,  figs.  83, 34, 38)  as  the  more  normal,  the  measurements  were  in  gen- 
eral: Diameter  31  to  33  microns;  thickness  of  wall,  S  to  4  microns; 
length  of  spines  borne  upon  the  wall,  2.5  to  4  microns.  The  wall  ■ 
does  not  in.  all  cases,  and  perhaps  in  none,  develop  uniformly 
throughout.  Usually  three  or  four  thinner  or  weaker  places  occur 
which  have  spines  less  strongly  developed  (PI.  VI,  figs.  30-38). 
Perhaps  these  were  in  some  cases  the  points  of  attachment  to  the 
sporogenous  hyphBe.  The  regularity  of  their  distribution  and  the 
ease  with  whidi  they  might  be  ruptured  at  this  point  suggested  that 
they  might  function  as  germ  pores.  In  some  cases  a  shmrt  hypha 
extending  from  one  or  more  of  these  suggested  premature  germina- 
tion or  else  a  reversal  to  the  vegetative  type  of  development  No 
further  growth  of  such  tubes  has  been  observed  by  us,  howevw.  It 
is  worth  noting  that  De  Bary  (1881,  pi.  1,  figs.  22-^6)  observed  scnne- 
thing  similar  in  his  Artotrogus  hydnoaporua  and  that  W.  G.  Smith  in 
his  drawing  shows  some  similar  markings.  They  also  bear  smne  re- 
semblance to  the  papilla  developed  by  the  oogonium  of  certain  Per- 
onosporales,  e.  g..  Albugo  hliti,  for  the  reception  of  the  autheridial 
tube.  Of  course,  the  question  of  germination  of  these  spares  has  been 
k^t  in  mind  hut  nothing  has  be^i  seen  beyond  what  is  described 
above.  Until  the  spores  are  found  in  lai^er  numbers  and  with  sudi 
oniformity  in  character  as  to  give  assurance  of  nOTmality  there  is, 
indeed,  little  to  encourage  any  attempt  to  germinate  theoL  The  rda- 
tive  sparseneas  of  these  mature  forms  has  also  made  microchemical 
studies  difficult.  It  has  been  found  that  the  walls  in  the  young  stages 
readily  take  up  gentian  viol^  but  that  as  soon  as  they  begin  to  turn 
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yellow  they  refuse  to  stain.  Various  reagents  have  been  tested  on  the 
mature  apiny-'walled  spores  without  arail.  They  do  not  react  to 
chlcffzioc  iodid,  n(»r  are  they  swollen  or  dissolved  either  by  hot  caustic 
potash  (5  per  cent  solution)  or  by  hot,  strong  hydrochloric  or  sul- 
phuric acids.  Nuclear  stains  were  used  with  fair  success  upon  the 
vegetative  hyphse  and  the  early  stages  of  these  spore  developments. 
Good  stains  were  obtained  alike  whether  treated  in  bulk  or  after 
embedding  in  paraffin  and  sectioning.  Iron  hiematozylin  and  Flam' 
ing*s  triple  stain  (safranin  gentian  violet  and  orange  G.)  were  iised. 
The  vegetative  hyphse  show  the  multinucleate  c(Hidition  typical  of  the 
Oomycetes.  No  attempt  was  made  to  differentiate  the  parts  of  the 
nucleus  but  many  of  Utem  showed  the  nucleolus.  The  tendency  to 
elongate  parallel  with  the  length  of  the  hypha  was  apparent  here  as 
in  the  hyphte  from  the  potato  leaf  described  oa  an  earlier  page  (PL 
Vlll,  fig.  48).  I^e  sporelike  bodies  could  be  stained  mly  in  the 
earlier  stages,  i.  e.,  until  the  walls  began  to  brown. 

The  older  stages  were  not  very  numerous  and,  while  a  few  were 
found  in  the  sections,  these  seemed  to  be  filled  with  fat  globules  and 
none  of  them  were  so  stained  that  anything  could  be  made  out  as 
to  nuclear  conditions.  In  the  younger  stages,  however,  the  bodies 
were  multinucleate^  having  irom  30  to  50  nuclei  (PI.  VlII,  figs. 
42-46).  These  nuclei  were  even  more  elongated  than  those  of  the, 
hyphte,  su£$;esting  that  they  had  heea  elongated  with  the  inflowing 
of  the  protoplasm  to  fum  the  body.  In  the  later  stages  they  were 
more  rounded  and  nucleoli  could  be  distinguished.  In  addition  to 
nuclei  there  appeared  in  some  of  the  older  bodies,  which  were  just 
beginning  to  show  brown  coloration  of  the  wall,  a  body  about  four 
times  the  diameter  of  the  nucleus.  This  body  was  fairly  regular 
in  outline  and  seemed  filled  with  small  da^-staining  granules  in 
srane  sections  (PI.  VIII,  figs.  42  and  46),  while  in  others  (PI.  VIII, 
fig.  47)  it  contained  vacuoles.  At  all  times,  however,  the  staining 
was  darker  than  the  surrounding  cytoplasm.  This  body  may  be 
comparable  to  the  ccenocentrum  noted  by  Wager  (1896),  Davis 
(1900),  Stevens  (1901),  and  otbere  who  have  woAed  on  the  oospore 
development  of  this  group.  It  allows,  however,  of  another  interpre- 
tation in  view  of  the  circumstances  of  its  development.  In  size,  shape, 
and  c<Mitents  it  resembles  the  early  stages  of  development  of  the 
ooephere  in  the  various  Peronosporales.  It  is  true  that  the  later 
stages  of  this  body  are  not  comparable  to  that,  inasmuch  as  they  tiiflD 
show  unmistakable  signs  of  disintegratitm.  If  we  regard  these  bodies 
as  oospwes  developed  parthogenetically  this  central  body  may  con- 
stitute stages  in  the  development  of  the  oogcHiium.  The  true  nature 
md  possible  function  of  these  bodies  can  at  this  time  be  notiiing  more 
than  conjecture. 
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The  preceding  description  has  been  based  oil  the  spore  develop- 
ment  obtained  on  potato  gelatin,  the  medium  in  which  they  were 
found  most  abundantly.  Similar  bodies,  including  the  brown  spiny- 
walled  mature  spores,  have  been  found  in  Lima-bean  agar  cultures, 
although  only  sparingly. 

The  most  abundant  development  of  these  resting  spores  has  been 
secured  in  submerged  cultures  in  potato  gelatin.  The  question  has 
naturally  arisen  as  to  why  this  is  so.  On  raw  potato,  where  the 
vegetative  development  is  most  vigorous  and  the  typical  asexual 
spores,  or  conidia,  are  produced  in  greatest  abundance,  very  few  of 
these  resting  spores  have  been  found.  On  Lima-bean  agar  thwe 
is  moderate  regetative  growth  and  sporangium  prodacti(Mi  and  seme 
such  resting  spores,  but  fewer  than  mi  gelatin.  Moreover,  on  the 
gelatin  this  type  of  spore  formation  does  not  occur  until  after  the 
period  of  maximum  vegetative  vigor.  It  aeems  clear,  tliereftH^  that 
the  suppression  of  vegetative  vigor  and  of  conidial  fcHmaticm  is  a 
first  condition  of  the  formation  of  these  resting  spores.  The  fact 
that  they  have  been  found  only  on  the  submerged  growth  in  tliis 
gelatin  medium  further  su^^ts  that  lack  of  oxygen  may  be  a 
stimulus.  Various  experimental  cultures  were  made  to  d^rmine 
whether  or  not  this  was  so.  These  have  included  attempts  to  stimn- 
I&te  their  formation  by  keeping  cultures  on  Lima-bean  agar  and  po- 
tato gelatin  in  flasks  from  which  the  air  has  been  partly  or  wholly 
exhausted,  being  replaced  when  wholly  exhausted  by  carbon  diozid. 
No  resting  spores  wei-e  obtained,  however,  by  either  treatment. 
Cultures  in  another  series  were  started  on  the  surface  of  either  gela- 
tin or  agar  tubes  and  then  buried  by  pouring  over  them  a  thin  layer 
of  plain  gelatin  or  agar  s<dution.  In  most  tubes  no  spores  were  de- 
veloped, and  where  they  were  found  in  certain  of  the  agar  tubes  it 
was  not  clear  that  Ihe  treatment  was  the  direct  cause.  No  further  cm* 
elusions  seemed  justified  therefore  as  to  the  relation  of  oxygen  to  their 
formation.  It  is  to  be  recalled  in  this  «xmection  that  wholly  sub- 
merged growths  have  been  secured  on  liquid  potato  extracts  where 
very  few  ctmidia  and  no  resting  spores  occurred. 

The  resemblance  of  these  bodies  to  oogonia  is  evidrait,  especially 
in  the  earlier  stages  of  their  development  Persistent  search  has, 
however,  failed  to  discover  any  associated  bodies  resembling  an- 
theridia.  Of  course  the  possible  relation  of  nutrition  to  antheridial 
development  has  been  kept  in  mind.  Klebs  (1899,  1900)  and  Eaaff- 
man  (1908,  p.  377)  have  shown  that  the  addition  of  certain  elemraits 
to  the  culture  medium  may  influence  the  development  of  antheridia  in 
the  case  of  Saprolegnia.  As  already  explained,  trials  were  made  with 
a-  wide  range  of  media  but  without  positive-  results  in  this  respect 
Vhe  possibility  that  the  development  of  such  sexual  organs  ndgfat 
ccur  only  when  the  growth  of  the  fungus  of  two  or  more  strains  in- 
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temungled  has  been  in  mind  from  the  outset  of  the  work  with  these 
cultures,  and  Clinton  (1905,  pp.  326-328)  has  suggested  this  same 
idea.  Two  or  raore  strains  of  the  Phytophthora  were  grown  inter- 
mingled upon  raw-potato  slices  at  various  times  in  our  earlier  studies 
and  a  careful  examination  was  made  of  the  resulting  mycelium,  but 
DO  unusual  developments  occurred.  After  the  discovery  that  potato 
gelatin  was  the  most  favorable  medium  for  the  development  of  these 
bodies  more  extensive  trials  were  made  with  OHubination  cultures  in 
tubes  of  this  medium.  Nine  strains  of  Phytophthora  obtained,  as 
already  explained,  from  widely  separated  places  in  America  and 
Europe  were  then  in  culture.  These  nine  strains  were  paired  in  all 
the  36  possible  c(»nbination8.  In  order  to  test  the  matter  more  thor- 
ou^y  two  cultures  of  each  combination  were  started  by  inoculations 
made  upcoi  the  surface  of  the  medium,  and  two  others  where  the 
inoculations  were  plunged  beneath  the  surface  so  that  the  growths 
might  be  submerged  from  the  outset  Thus  each  of  the  36  pairs  of 
strains  was  grown  in  four  tubes,  making  a  total  of  144  cultures. 
Moreover,  these  cultures  were  repeated  at  four  diffwent  times.  Ex- 
aminatimis  of  these  mixed  cultures  revealed  no  unusual  developments, 
either  in  kind  or  number  of  the  bodies,  as  compared  with  the  cultures 
of  single  strains,  which  were  always  made  as  controls.  It  is  possible 
that  further  trials  with  other  media  or  different  environmental  con- 
ditions mig^t  lead  to  other  results.  Under  the  circumstances,  how- 
ever, the  only  conclusion  which  seems  justifiable  is  that  there  is  no 
evidence  of  sexual  differentiation  of  these  Phytophthora  strains  and 
that  these  bodies  are  produced  asexually. 

Of  course  it  is  possible  that  resting  spores  of  this  sort,  produced 
imder  the  almormal  conditions  of  our  culture  tubeb,  may  have  no 
counterpart  in  nature.  Brefeld  (1873)  and  Klebs  (1896)  have  both 
recfwded  evidence  of  the  abnormalities  which  may  result  in  fungus 
coltoree  under  abnormal  cultural  ctmditions.  Certainly  no  practical 
conclusions  can  be  drawn  from  these  observations,  except  as  they  may 
be  supported  by  evidence  obtained  from  more  natural  growths.  Dili- 
gent and  repeated  searches  up<«  pure  cultures  on  raw  potato  in  tubes, 
as  previously  explained,  have  led  to  the  finding  of  but  very  few  of 
theee  bodies,  and  these  few  were  smooth  walled,  apparently  immature, 
and  of  somewhat  doubtful  character.  We  have  no  encouragement, 
theref<H«,  for  the  belief  (hat  Phytophthora  forms  resting  spores 
with  any  degree  of  regularity  or  frequency  in  the  tissues  of  the 
potato  tuber. 

Beference  has  already  been  made  to  the  fact  that  Smith  (1676)  and 
others  have  found  resting  spores  in  decayed  potato  leaves  following 
the  inva^on  of  Phytophthora,  and  these  have  been  doubtfully  r^ 
garded  as  belonging  to  this  fungus.    These,  observations  have  been 
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repeated  in  our  laboratory  by  taking  leaves  wbidi  were  thoroaghly 
invaded  by  Fhytophthora  and  placing  them  in  a  glass  dish  lined  with 
moist  filter  pap^.  Of  course  such  leaves  are  promptly  rotted  with 
the  development  of  saprophytic  bacteria  and  fungi.  Examinatioa 
after  a  couple  of  weeks  has  generally  shown  numerous  resting  spores 
(PI.  VI,  fig.  28)  corresponding  in  a  general  way  with  those  described 
by  others  and  somewhat  similar  to  some  of  those  found  in  our  cul- 
ture tubes.  The  origin  of  these  spcH-es  has  not  as  yet  been  traced  to 
our  satisfaction,  nor  have  we  been  able  to  germinate  them.  In  view 
of  the  historical  evidence,  and  the  abundant  development  observed  of 
secondary  saprophytes,  the  presumption  must  remain  that  these  rest- 
ing spores  occurring  in  decaying  potato  leaves  are  of  Pythium  or  some 
related  saprc^hytic  species.  But  the  matter  merits  renewed  attention. 
Tlie  only  evidence  here  presented  which  is  of  much  imptalance  is 
based  upon  the  cultural  work,  the  validity  of  which  rests  upon  the 
purity  of  our  cultures.  A  summary  of  the  reasons  for  our  confidence 
in  their  purity  is  therefore  here  given.  These  spores  have  been  found 
in  nine  different  strains  of  Phytophthora,  which  were  all  that  were 
being  carried  in  our  laboratory  at  the  time  of  these  later  studies.  All 
but  one  of  these  nine  strains  were  obtained  from  diseased  potato 
tubers  and  isolated  in  our  laboratory ;  the  one  exception  was  sent  us 
by  Dr.  Clinton  from  Connecticut.  These  tubers  were  obtained  from 
widely  different  sources  including  Vermont,  Maine,  Connecticut, 
Pennsylvania,  England,  Ireland,  and  Germany.  The  strains  were  iso- 
lated at  different  times  and  by  three  different  persons.  Some  difficulty 
was  usually  experienced  at  the  outset  in  eliminating  bacteria  from 
these  cultures,  but  no  trouble  was  experienced  with  fungi.  Theae  nine 
strains  were  carried  continuously  in  culture  for  over  three  years 
without  anything  occurring  to  throw  suspicion  on  their  purity.  Re- 
peated transfers  from  the^  cultures  to  ordinary  bacteriolc^cal  media, 
nutrient  broths,  agar,  and  gelatin  have  uniformly  failed  to  secure 
growth,  as  likewise  have  transfers  to  cooked  potato  and  other  vege- 
tables. This  fact  seems  to  rule  out  the  occurrence  of  any  ordinary 
type  of  saprophyte.  Inoculation  experiments  at  various  times  have 
lieen  made  from  these  cultures  to  potato  leaves  up<m  greenhouse 
plants,  and  characteristic  infections  have  always  been  prom^ly 
obtained  showing  that  the  Phytophthora  persists  with  viralenoe  un- 
impaired. It  is  not  believed  possible  that  any  admixture  of  sapro- 
phytic growth  could  have  entered  all  cultures  alike,  much  lees  persist 
without  detection.  The  only  suggestion  that  seems  worthy  of  further 
consideration  is  that  these  resting  spores  might  belong  to  a  species 
parasitic  upon  Phytophthora  as  Fiptocephalis  is  upon  certain  molds. 
De  Bary,  indeed,  suggests  (1881)  such  relation  as  pofisible  between 
Artotroffus  hydnoaporua  and  Pythium  debaryanum.  It  would  aeeon 
to  us  almost  impossible,  however,  that  such  a  o<Midition  ahoold  occur 
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ill  ftll  tune  cultareB  alike  and  persist  widiout  detectiwi  during  so  long 
a  period  and  under  such  varied  cultural  conditions.' 

DISEASE  SESIBTANCE  OP  FOTATOBS. 

A  historical  review  and  summary  of  the  main  facts  as  to  the  disease 
resistance  of  potatoes  were  given  by  the  senior  writer  in  an  earlier 
publication  (Jones,  1905).  As  there  pointed  out,  differences  were 
observed  in  the  liability  of  potato  varieties  to  the  ravages  of  blight 
and  rot  almost  &om  the  appearance  of  the  disease  in  Europe.  The 
necessity  for  ^stematic  attempts  for  varietal  improvement  in  this 
respect  was  clearly  recognized  in  England  over  30  years  aga  The 
English  Parliament  was  asked  to  give  direct  aid  to  this  project 
in  1880.  American  varieties  were  sought  as  a  basis  for  improvement 
of  the  English  strains  and  hybridizing  was  practiced.  The  best  pro- 
duction of  the  early  English  breeders  was  Magnum  Boniun,  the  re- 
sult of  a  cross  of  the  American  Early  Rose  with  the  English  Victoria 
in  1876.  The  superior  disease-resisting  qualities  of  this  cross  not 
only  made  it  the  standard  main-crop  variety,  but  stimulated  further 
attempts  at  the  production  of  disease-resisting  varieties.  Indeed, 
disease  resistance  has  since  been  a  clearly  recognized  aim  of  all 
British  potato  specialists.  Attention  has  more  recently  been  turned 
toward  the  same  goal  in  Germany  and  elsewhere  on  the  cmtinent  of 
Europe.  The  senior  writer,  in  1904,  as  special  agent  of  the  Depart- 
ment of  Agriculture,  detained  a  collection  of  the  most  prcmiising 
European  varieties  for  trial  in  America,  t^ether  with  a  representa- 
tive series  of  American  varieties.  These  varieties  have  since  been 
tried  in  the  field  at  the  Vermcmt  experiment  statira,  by  William 
Stuart,  and  elsewhere  under  the  supervision  of  W.  A.  Orton,  of  the 
Department  of  Agriculture.  Stuart's  results,  which  have  received 
pr^iminary  consideration  in  a  Vermont  station  bulletin  (1906)  and 
which  later  will  be  referred  to  more  in  detail,  showed  certain  Ger- 
man, EngUsh-Scoteh,  and  Duteh  varieties  to  have  a  much  higher 
degree  of  disease  resistance  than  the  standard  American  varieties. 

While  this  field  work  has  been  in  progress  efforts  in  the  labora- 
tory studies  have  been  directed  along  two  lines:  (1)  To  test,  and  if 
possible  perfect,  methods  of  determining  relative  disease  resistance 
by  inoculati(Hi  with  Phytophthors;  (2)  to  learn  any  facta  concerning 
the  location  and  possible  nature  of  the  Phytophthora-resistant 
qualities. 

■After  Uie  atioTe  matter  was  prepared  for  pabUcation,  Dr.  G.  P.  ClEnton'a  Tery  loter- 
ttOag  pobUcatlmii  wen  recelred  repoittng  tbe  dlKornr  of  ooaporaa  at  the  potato  fnnfiu 
<8e[enee,  n.  ■.,  tdI.  33,  Mar  IS,  1011.  P-  744.  and  Report  of  the  Conoectlcat  AErlcnltnral 
Exptrlmeiit  Station,  1909-10,  dlstrlbated  Jane,  1911,  p.  758).  Time  bt>  not  permitted 
nftOtlaa  IB  ooi  labontorr  at  U«  enltnnl  itndlei.  The  readlnx  ot  hU  report  U  i«con- 
■ended.  and  alM  trial  of  the  new  medlom  to  which  ha  attrlbntea  tbe  development  ot 
■ntherldia,  tIi.  SO  irams  KTonnd  oati  (i;raln1.  8S0  c.  e.  water  (etenmed),  10  t-rama  atar 
(•tcwned),  water  to  make  BOO  c  e.  (aatocIaTo  IS  Miinutea  at  7  to  10  pomida  preann). 

j«  .ociijTc 
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The  practical  impcnianoe  of  both  of  these  matters  should  be  dear. 
All  the  previous  trials  to  determine  relative  disease  resistance  have 
been  based  on  field  observations  as  to  the  oocurren<»  of  blight  and 
rot  following  natural  infection.  The  tardiness  and  uncertainty  of 
this  method  are  shown  by  Stuart's  experience,' ^nce  in  his  trials 
covering  the  six  years  1905  to  1910  he  has  had  only  one  year,  1905, 
when  there  was  such  a  uniform  and  abundant  development  of  the 
fungus  upon  his  fields  as  is  necessary  to  furnish  reliable  data.  More- 
over, even  when  the  required  development  does  occur,  mu<^  allowance 
must  be  made  for  minor  variations  in  atmosphmc  and  soil  condi- 
tions, and  data  so  secured,  especially  as  to  rot,  are  not  altogether 
satisfactory. 

On  the  other  hand,  the  potato  specialist  who  is  endeavcoiDg  by 
breeding  ih-  selecticHi  to  devdop  more  hi^ly  resistant  varieties  has 
urgent  need  for  more  information  as  to  what  constitutes  disease  re- 
^stance.  Is  it  a  matter  of  habit  of  growth,  or  epidermal  texture,  or 
other  characters,  or  does  it  reside  in  the  internal  tissues  and,  if  so,  is 
it  due  to  the  presence  of  some  rect^izable  chemical  compound? 
With  these  questions  in  mind,  inoculation  studies  were  made  on  both 
potato  leaves  and  tubers. 

STUDIEB  OF   PHTTOPHTHORA   RESISTANCB  Afi  SHOWN   B7   POTATO  LEAVES. 

Frequent  trials  have  shown  that  leaf  infections  are  easily  obtained 
by  applying  Phytophthora  spores  to  moistened  potato  leaves,  pro- 
vided moisture  conditions  are  properly  maintained.  The  main  object 
in  the  present  experiments  with  the  foliage  infection  was  to  learn 
whether  there  would  be  a  noticeable  difference  in  either  the  per- 
centage of  infection  or  the  rate  of  spread  through  the  leaf  tissues,  fol- 
lowing artificial  infection  of  varieties  reputed  to  be  disease  resistant, 
as  compared  with  those  considered  more  susceptible.  Of  course  it 
was  not  practicable  to  carry  on  sudi  a  trial  as  this  in  the  main 
variety  fidd,  ^ce  there  would  be  too  much  danger  from  the  prox- 
imity of  BO  many  susceptible- varieties. 

The  German  variety  Irene,  the  English  variety  Holbom  Abun- 
dance, and  the  American  variety  Ionia  Seedling  were  selected  as  the 
most  promising  ones  available  in  the  smaller  garden  where  the  work 
was  undertaken.  Stuart's  earlier  experiments  (1906,  p.  110)  had 
shown  these  varieties  to  have  con^derable  difference  in  foliage  resist- 
ance to  Phytophthora.  "No  late-blight  was  present  on  the  plants 
when  the  work  was  undertaken,  nor  did  it  develop  elsewhere  in  the 
field  while  the  experiment  was  under  way.  Twenty  leaflets  occurring 
on  three  hills  of  eadi  of  these  varieties  were  inoculated  August  1 
with  Phytophthora.  The  weather  being  dry  and  warm,  precauti<His 
were  necessary  to  insure  moisture  conditions  favorable  for  the  de- 
velopment of  the  fungus.    This  need  was  suoceesfnlly  met  by  wet- 
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ting  down  the  plants  and  adjacent  soil  thoroughly,  making  the  inocu- 
lations in  the  late  afternoon,  and  covering  each  plant  with  a  barrel 
during  the  first  night.  Fresh  spores  of  Phytophthora  from  potato 
leaves  were  brought  from  another  field  which  was  blighting  as  a 
result  of  earlier  artificial  inoculation.  These  spc^-es  were  applied  in 
a  drop  of  water  near  the  end  of  the  leaflet  under  trial.  The  inocu- 
lated leaflets  were  tagged  and  numbered  and  the  outline  of  each 
traced  on  thin  seraitransparent  paper,  to  be  used  as  a  record  sheet 
for  following  the  progress  of  the  disease.  On  August  5  the  first  sign 
of  dying  tissue  was  evident  and  its  outline  was  traced  with  pencil 
in  the  corresponding  leaf  outline  (fig.  8).  Two  days  later,  when  the 
spots  had  increased,  new  tracings  were  added,  and  this  process  was 


Fia.  8. — Diagrammatic  reprMentatton  or  tbe  rate  of  progresa  of  PftytopAfftara  infetlan* 
In  two  leaflet*  of  the  Ionia  Seedling  potato  from  tbe  fourth  to  tlie  elcTeotb  dar  after 
Infection  during  drj,  warm  weather,  which  wns  nnfttTOrable  to  the  fnngna ;  tbe 
proETCBB  wonld  have  been  mneh  more  rapid  In  molal  weather.  The  black  areas  (j.j  A) 
repracnl  the  amoant  of  dead  tlasae  on  the  fourth  day.  The  sabaeqaent  enlargementa 
for  the  Blilh,  rifhth,  tenth,  and  twelfth  days  are  Indicated  by  the  varlons  ahadlDga. 

repeated  on  August  9, 12, 14, 16, 17,  and  19.  Well-marked  differences 
were  noted,  both  in  nimiber  of  resulting  infections  and  in  rapidity 
of  development.  Two  of  the  leaves  were  lost  frcan  the  Irene  plants 
by  accident. 

Table  X  shows  tbe  percentage  of  infection  on  the  remaining  leaves. 
Table  X. — Percentage  of  leaf  infection  »hou>n  by  different  varteltea  of  potatoes. 
renentage  o[  total  leaf  ai 
hXetlon. 
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Had  the  weather  been  more  favorable  the  progress  of  the  fucgos 
would  hare  been  more  rapid,  of  course;  but  tiie  slower  progress  was 
more  favorable  for  our  purposes,  viz,  the  observation  of  the  compara- 
tive progress. 

These  results  show  a  well-marked  resistance  to  fungus  invasion  on 
the  put  of  Irene,  with  less  by  Holbom  Abundance  and  least  by 
Ionia  Seedling.  Moreover,  these  differences  correspond  very  well 
with  those  recorded  by  Stuart  (1905,  p.  Ill)  of  the  percentage  of 
foliage  he  observed  to  be  affected  by  late-bli^t  in  his  field  trials 
as  a  result  of  natural  infection.  In  his  field,  when  Ionia  Seedling 
showed  20  per  cent  of  foliage  affected,  Holbom  Abundance  showed 
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Fia.  G. — Qntphlc  repreientallon  of  the  relaUTe  rates  ot  progress  of  Fkjrtophthmv  t»- 
lettan*  toUowlns  artlQclal  Infection  o(  the  leaves  o(  three  Torlellet  ot  potatoes,  the 
American  vaifetj'  Ionia  Seedling  (la,  lA)  being  hlsbl;  aosceptlble,  the  BrlUah  Tailetf 
Etolbom  Abnndance  (Ila,  lib)  moderately  ao,  and  the  Qerman  Tsrletr  Irene  (Ilia, 
Tin)  bishlj  reslatant.  Id  the  apper  dUETama  each  unit  on  tbe  base  line  represeDta 
one  dar  and  each  verUcsl  oolt  0  per  cent  ot  the  area  of  leaf.  Id  the  lower  dU- 
grama  the  laigest  aqnare  repreaent«  the  total  leaf  area  and  the  Bmaller  Indoaed 
Bqnaiea  ahow  the  percentaeea  of  dlaeaac  on  the  fourth,  sixth,  eighth,  ninth,  and 
eleventh  eocceaalTe  daya. 

15  per  cent  and  Irene  only  5  per  cent.  Still  more  marked  was  the 
difference  in  the  rate  of  progress  of  the  disease,  which  was  consid- 
erably the  more  rapid  on  Ionia  Seedling,  less  on  Holbom  Abundance, 
and  least  on  Irene.  In  order  to  compute  these  differences  with  more 
exactness  the  planimeter  was  used  for  making  exact  measurements  of 
the  leaf  outlines  and  of  the  successdve  increases -in  blighted  area. 
These  results  are  also  shown  in  Table  X. 

A  second  series  of  inoculations  was  made  later  in  the  same  month. 
These  inoculations  showed  essentially  the  same  differences,  but  the 
progress  of  the  disease  was  slower;  and  this  was  true  of  a  third  snies 


DIBKABB  B8«fiTANCB  OF  FOT&TOBEl. 


73 


run  in  September,  owing  partly  to  unfavorably  dry  weather  the  latter 
port  of  the  summer. 

The  graphic  representation  of  the  relative  rates  of  pn^ress  of  the 
blight  shown  in  figure  9  is  based  on  the  figures  in  the  first  series. 
The  results  from  the  second  series  are  also  plotted  for  comparison 
(fig.  10).  As  already  noted,  the  developments  here  were  slower,  but 
the  relative  rates  were  quite  similar.  In  the  first  set  of  diagrams 
each  unit  in  the  base  line  represents  one  day  and  each  unit  in  the 
vertical  6  per  cent  of  diseased  area.  In  the  second  set  the  largest 
square  represents  the  total  leaf  area  and  the  smaller  inclosed  squares 
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Fta.  10. — GTaphlc  repTMenUtlon  o(  the  ralatlTe  i*ttm  ot  progrcHs  of  PhyfophtAora  <»- 
tettant  loUowlng  ■rtlOcial  Infectlan  upon  potato  leaves  of  the  same  varletlei  ehovD  Id 
Bgon  9,  In  a  aecond  Berlea  of  eiperlmenU,  the  Amerlcsit  Tirlet;,  IodIb  SeedllDS  (la, 
lb)  being  htghlj'  soaceptlble,  the  Brltlth  Holbom  Abundauee  (Ila,  lib)  modaratelr  bo, 
and  the  German  Tarlety  Irene  (Ilia,  IIIA)  hlshl;  resistant.  In  the  upper  diagrams 
«*ell  nnlt  on  the  baae  line  reprcsenta  one  da;  and  each  vertical  nnlt  5  per  eent  of  tha 
■tea  ot  leaf.  In  the  lower  diagrama  the  la^eM  ■qnars  repreaeota  the  total  leaf  area 
and  tbe  smaller  Inclosed  sqaares  abow  the  percentages  of  disease  on  the  successive  dajs 
recorded  on  the  marglna.  Comparlaon  with  the  dlagrama  In  flgnre  0  ahowa  almllar 
dlSereocaS,  althongh  the  rataa  ot  pragreaa  were  alower. 

represent  the  percentages  of  diseased  areas  on  the  succes^ve  days  of 
observation. 

Conclusions. — ^While  these  trials  were  too  limited, to  justify  broad 
peoeralizations,  they  se«n  clearly  to  show  two  things  concerning 
foliage  resistance:  (1)  That  when  these  different  potato  varieties 
were  exposed  to  like  opportunities  for  foliage  infection  a  difference 
appeared  in  the  actual  number  of  infections  that  resulted,  indicating 
Tariations  in  relative  Phytophthora  resistance;  (2)  that  following 
such  in^tion  a  still  more  marked  difference  was  shown  in  the  cor- 
responding rate  of  leaf-tissue  destruction  in  the  resistant  as  compared 
vith  the  susceptible  varieties.    This  second  observation  clearly  indi- 
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catefl  that  the  diseaae-resisting  characteristic  is  largely,  if  not  wholly, 
inherent  within  the  interior  tissue  or  mesophjll  of  the  leaf  rather 
than  in  the  epidermis. 

STUDIES  or  FHYTOFHTHOBA   BSSIBTANCE  AS   SHOWN   BT   POTATO   TDBSK8. 

All  previoos  studies  have  been  based  o/a  field  observations  of  the 
difference  in  the  amount  of  rot  following  natural  infection  while  the 
tubers  were  lying  in  the  soil.  From  the  inception  of  our  work  in 
cultivating  the  fungus  upon  the  sterile  blocks  cut  from  the  tubers 
variations  were  observed  in  the  amount  of  growth  obtained.  As  the 
work  progressed  systematic  trials  were  undertaken  to  see  how  wide 
and  C(nstant  this  variation  is  between  varieties  and  to  perfect  labora- 
toiy  methods  for  determining  such  variation.  At  first  difficulties 
were  encountered  in  so  preparing  the  potato  blocks  as  to  insure  a  close 
enough  uniformity  in  conditions  to  permit  of  reliable  conclusions. 
As  the  work  progressed  laboratory  methods  were  so  perfected  that 
these  difficulties  were  fairly  well  overcome. 

Trials  were  inade  to  obtain  information  on  the  following  points: 
Is  it  practicable  by  the  laboratory  method  to  determine  the  relative 
disease  resistance  of  the  tubers  of  different  varieties  f  Is  such  disease- 
resistant  quality  localized  iri  the  tuber — e.  g.,  is  it  in  the  superficial 
aa  ccHnpared  with  deeper  portions  of  the  flesh?  What  is  the  basis 
of  such  disease  resistance?  Is  it  intimately  associated  with  or  in- 
herent in  the  living  protoplasm  or  is  it  due  to  some  chemical  content 
separable  from  the  living  tissue! 

The  tubers  used  for  determining  this  point  were  selected,  with 
one  exception,  from  those  grown  on  the  trial  grounds  of  the  Horti- 
cultural Department  of  the  Vermont  experiment  station  at  Burling- 
ton in  1909,  under  the  direction  of  William  Stuart,  horticulturist. 
The  single  exception  was  the  Irish  Cobbler,  which  was  grown  in 
another  trial  field  at  St.  Albans,  Vt  The  field  where  the  others  wrae 
grown  is  a  uniform  sandy  loam  which  had  received  annually  for  the 
preceding  four  years  800  pounds  of  ccoicentrated  fertilizer  per  acre 
(200  pounds  cottonseed  meal,  400  pounds  acid  phosphate,  133  pounds 
muriate  of  potash,  67  pounds  nitrate  of  soda).  The  seed.tubers  were 
from  the  strains  grown  on  the  trial  grounds  at  this  station  under 
uniform  conditions  for  four  seasons  previous,  and  the  imiformity  in 
these  as  well  as  in  soil  conditions  leads  us  to  believe  that  the  varia- 
tions which  might  result  from  lack  of  uniformity  in  seed  or  soil  were 
largely  eliminated. 

REI.ATIVE  RESISTANCE  SHOWN  BY  DIFFEBENT  VARIETIES. 

For  ibese  trials  uniformity  in  laboratory  method  and  material 
was  the  first  consideration.  The  following  details  are  therefore 
given.    They  will  be  made  clearer  by  reference  to  Plates  IX  and  X. 
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Uniform  teat  tubes  (13  by  1.5  cm.)  were  used,  and  1  cubic  centimeter 
of  distilled  water  was  placed  in  each  together  with  a  small  wad  of 
absorbent  cottm,  barely  sufficient  in  size  to  bold  this  water.  The 
tubes  were  then  tightly  plugged  with  cotton  and  autoclav^  for  15 
minutes  at  5  pounds  pressure.  The  tubes  were  then  ready  to  receive 
for  trial  the  sterile  potato  blocks  which  were  prepared  as  follows: 
Sound,  smooth  tubers  of  medium  or  large  size  were  washed  and  im- 
mersed for  five  minutes  in  0.1  per  cent  mercuric-chlorid  solution.  The 
problem  now  was  to  cut  sterile  blocks  of  uniform  size  from  the  in- 
terior of  the  tuber  and  insert  one  such  freshly  cut,  uncontaminated 
block  into  each  tube.  The  desired  result  was  accomplished  satisfac- 
torily after  some  practice  by  working  under  a  hood,  holding  the 
tuber  with  a  sterile  fork  and  cutting  it  with  heat-sterilized,  but  cool, 
knives.  Precautions  must  be  taken  not  onlj  against  germ  contami- 
nations but  also  against  carrying  any  mercuric  chlorid  from  the  sur- 
face  layer  to  the  interior  flesh.  For  these  reasons  the  peel  was  first 
removed  by  a  series  of  cuts  parallel  with  the  surface  and  then  a 
thin  second  layer  of  the  flesh  removed  before  cutting  out  the  trial 
blocks.  In  this  way  the  out«r  flesh  to  a  depth  of  0.6  to  1  centimeter 
was  discarded.  If  any  discoloration  or  other  evidence  of  unsoundness 
was  discovered  in  the  interior  flesh  the  tuber  was,  of  course,  rejected. 
The  interior  flesh  was  then  cut  lengthwise  of  the  tuber  into  blocks 
as  uniform  in  size  as  practicable  (about  1  by  1  by  4  cm.),  each  block 
as  cut  being  promptly  transferred  to  its  tube.  It  is  desirable  to  have 
the  block  as  large  as  will  slip  easily  into  the  tube,  so  as  to  insure 
uniformity  in  moisture  conditions.  A  good-sized  tuber  will  give  15 
to  18  such  blocks.  The  tubes  so  prepared  were  kept  at  room  tem- 
perature 24  hours  before  inoculating,  and  those  which  showed  signs 
of  contamination  were  discarded.  After  perfecting  the  methods  de- 
scribed but  little  trouble  was  experienced  from  contamination.  To 
further  guard  against  irregularities  resulting  from  contamination 
as  well  as  from  minor  variations  in  size  of  block,  moisture  relations, 
success  in  inocidation,  etc.,  15  blocks  of  each  variety  were  used  in  each 
trial. 

The  inoculations  in  each  series  were  made  with  care  from  pure  cul- 
tures of  Phytophthora  grown  on  Lima-bean  agar  for  10  to  15  days 
to  insure  uniformity.  It  was  found  that  uniformity  in  inoculation 
was  best  attained  by  u^g  a  stiff  platinum-iridium  needle  with  an 
L-shaped  bend  at  the  tip  and  transferring  a  small  bit  of  the  agar 
along  with  the  fungus.  It  is,  of  course,  important  to  have  the  piece 
transferred  as  uniform  in  size  as  practicable ;  ours  were  about  3  milli- 
meters in  diameter.  Uniform  growth  was  further  insured  by  placing 
this  piece  of  agar  on  the  side  of  the  potato  block  about  1  centimeter 
from  the  top  and  scratching  it  into  ttie  surface  sufficiently  to  insure 
close  adhesion  (Pis.  IX  and  X). 
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It  was  sooQ  learned  that  the  standard  American  variety  Oreoi 
Mountain  is  one  of  the  most  favorable  for  the  development  of  tbe 
fungus  (PI.  IX),  while  the  German  variety  Professor  Wohltniann 
is  one  of  the  more  reslMant  These  two  varieties  were  therefore 
taken  as  standards  with  which  all  other  varieties  were  tho^after 
c(«upared.  It  was  found  that  about  200  tubes  were  as  many  as 
could  be  prepared  and  examined  in  one  series.  Fourteen  varieties, 
15  tubes  each,  vrere  therefore  started  in  each  series,  including  Green 
Mountain,  Professor  Wohltmann,  and  12  others.  After  inoculation 
the  cultures  were  held  in  a  moist  incubator  at  15°  to  16°  C.  A  fair 
growth  was  thus  obtained  by  the  sixth  day  and  the  tnaTimmn,  <»! 
the  more  susceptible  varieties  like  Green  Mountain,  was  reached  in 
10  days.  On  the  seventh  day  the  cultures  were  carefully  examined 
and  the  10  tubes  of  each  variety  showing  the  best  developm«)t  woe 
selected  for  further  comparison  with  the  two  control  varieties  and 
with  each  other. 

AooUier  ctHnparative  examination  was  made  chi  the  tenth  day,  aud 
in  doubtful  cases  a  third  examination  was  made  on  th^  thirteenth 
day. 

The  photographs  reproduced  in  Plates  IX  and  X  will  give  swne 
notion  of  the  differences  in  growth  shown  tm  certain  of  these  varieties; 
the  differences  shown  are  much  less  marked  than  in  the  original  cyl- 
tures,  owing  to  the  impossibility. of  representing  the  details  of  the 
fungous  mycelium,  especially  when  photographed  through  the  carved 
walls  of  the  culture  tube. 

In  order  to  establish  standards  for  cwnparison,  judgment  was 
rec<H'ded  on  a  percentage  basis,  the  most  vigorous  grovrth,  which 
entirely  .covered  the  surface  of  the  potato  block,  being  rated  at  100 
per  cent  and  lesser  growths  in  proportion.  On  this  basis  the  Green 
Mountain  was  rated  pretty  uniformly  at  95  per  cent,  whereas  the 
weak  growth  on  the  control  variety,  Professca-  Wohltmann,  was  rated 
at  about  10  per  cent.  Two  persons  recorded  their  judgment  inde- 
pendently upon  the  relative  developments,  and-three  or  more  judges 
passed  upon  many  of  them.  The  general  reliability  of  the  method 
is  attested  by  the  fact  that  difference  in  these  judgments  was  rarely 
noted  as  to  the  sequence  in  which  the  various  varieties  under  inspec- 
tion were  to  be  placed ;  usually  the  percentage  ratings  given  by  the 
different  judges  were  within  5  to  15  per  cent  of  each  other,  and  fre- 
quently they  were  identicfd. 

After  carrying  through  the  first  series  of  tests  a  second  series  was 
run,  involving  all  varieties,  and  where  the  results  obtained  in  ihe 
second  series  differed  much  from  those  of  the  first,  still  further  tests 
were  made.  Working  in  this  way  it  required  the  preparation  and 
examination  of  swne  3,000  cultures  to  reach  conclusions  as  to  the 
rating  of  the  76  varieties  reported  upon  in  Table  XL^  The  final 
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percentage  rating  given  in  Uie  table  is  the  average  of  all  ratings 
made  upon  the  mature  (l(Uday)  cultures  of  that  variety  in  the  two 
or  more  series. 
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which  had  been  grown  aoder  ODltnrni  mndltlotia  npon  u  sandy  loam  on  the  trial  gronn 
o(  Prof.  Wllltam  Staart,  hortlcultnrlnt  o(  the  Vermont  Agrlenltunil  Eiperlmeot  Btatl(_. 
IfoisoTer,  moiit  of  thpin  had  be«n  similarly  grown  for  fonr  seasonR  previously.  All  of  the 
torelfn  stialiis — British,  Gprmati,  Freneb.  and  Datch — were  olitatned  from  reliable  parties 
In  their  reapectlve  Ehiropean  conatrlps  In  1BD4  and  tbere  selected  because  ot  their  repnted 
dlseaae-reslstant  qualities.     Msat  of  the  American  varieties  were  assembled  that  same  year 

R  Including  the  most  promising  American   varletleii  with  respect   to  dlneise  realstaace. 
r  farther  details  as  fa  the  auemhiing  ot  these,  their  exact  source,  and  tbelr  reputed 
disease-reslatltnt  qualities,  Bee  Jones,  1905,  pp.  £8-fl9 ;  Stuart,  1906,  pp.  134-136. 

Inasmuch  as  the  basis  of  the  percentage  rating  was  established 
somewhat  arbitrarily,  the  chief  significance  of  the  table  lies  in  the 
sequence  of  the  varieties.  Further  trials,  especially  if  made  with 
tubers  from  different  sources,  might  lead  to  minor  changes  in  their 
sequence.  It  would  perhaps  give  less  opportunity  for  misinterpretn- 
tion  and  serve  most  practical  results  quite  as  well  to  merely  divide 
the  potatoes  into  five  groups  marked  by  the  20,  40,  60,  and  80  per  cent 
ratings  given  above. 

(}roup  1.  Highly  resiftani  varietiea:  Boyal  Kidney,  Grastold, 
Oeheimrat  Thiel,  Evergood,  Up-to-Date,  Quarsntaine  de  la  Halle, 
Eldorado,  Good^low,  Magnum  Btmum,  Sir  John  Llewellyn,)  ^lU^ 
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worthy,  Professor  Wohltmaim,  Irene,  Radium,  Malador,  Alexander's 
Ko.  1  Bed,  Eureka,  LandEdcrocm,  Sophie,  Professw  Maei^er  (9 
British,  7  Gerraanj  2  Dutch,  1  French,  1  American), 

Group  2.  Moderately  resistant:  Duke  of  York,  British  Queen, 
Celbfleischige  Speise,  Daisy,  Jersey  Peachblow,  Eichter's  Imperator, 
Manly,  Fuerst  Bismarck,  Charles  Fidler,  Boncza,  Cambridge  Kusset. 
Leo,  Windsor  Castle  {3  British,  6  German,  1  I>ufch,  3  American). 

Group 3.  Intermediate:  Eigenheimer,  Holbom  Abundance,  Keeper, 
Factor,  Mohort,  Topaz,  Enormous,  Max  Eyth,  Pearl  of  Carmen  Val- 
ley, Million  Dolkr,  Silesia,  Apollo  (2  British, 6  German, 4  American). 

Group  4,  Moderately  susceptible :  Money  Maker,  Ninety  Fold,  Bur- 
bank,  Daberscbe,  Manistee,  Twentieth  Century,  Gem  of  Aroostoc^, 
Rural  Blush,  Dakota  Red,  American  Wonder,  Northern  Star  (2  Brit- 
ish, 1  German,  8  American). 

Group  5.  Very  susceptible:  Early  Rose,  June,  Irish  Cobbler,  Ver- 
mont Gold  Coin,  Delaware,  President  Kruger,  Beauty  of  Hebron, 
Star  of  the  East,  Sir  Walter  Raleigh,  Rural  New  Yorker  No.  2,  Quick 
Lunch,  Late  Blightless,  Belft  de  Fontenay,  pith's  Blightproof, 
Green  Mountain  Jr.,  Harris  Snowball,  Norcross,  Early  Excelsior. 
Quick  Crop,  Green  Mountain  (1  German,  1  French,  18  American). 

The  first  group  is  the  one  in  which  the  minor  differences  are  of 
chief  practical  interest.  It  is,  therefore,  of  importance  to  note  that 
it  was  in  this  one  that  the  ratings  were  most  easily  and  confidently 
decided  and  in  which  we  believe  they  have  the  most  permanent  value. 

The  remarkably  high  degree  of  disease  resistance  which  occurs  in 
certain  of  the  European  varieties  as  contrasted  with  the  American 
varieties  is  clearly  shown  in  Table  XI.  It  is  to  be  remembered 
that  these  European  varieties  were  selected  by  the  senior  writer  in 
1904  for  reputed  disease -resistance,  and  their  relative  merits  in  this 
respect  were  demonstrated  soon  thereafter  by  Stuart  (1906).  Stuart's 
results  were  derived  from  field  trials  using  these  same  varieties  and 
the  same  strains  in  practically  all  cases  which  we  have  since  been 
using  for  these  laboratory  trials.  It  is  of  espfecial  interest,  therefore, 
to  compare  his  results  with  those  recorded  above.  These  are  entered 
in  Table  XII  for  all  the  varieties  which  were  included  in  both 
series  of  trials.  Stuart's  records  show  the  amount  of  rot  developed 
in  the  field  under  natural  conditions  of  infection  associated  with  an 
epidemic  of  late-blight  of  the  foliage.  Hia  trials  were  conducted  on 
two  fields,  (A)  a  sandy-loam  soil  and  (B)  a  clay  loam.  There  was 
much  rain  in  the  autumn,  when  Phytophthora  was  prevalent,  and  as  a 
result  there  was  much  more  rot  on  the  clay.  Tlie  first  figure  column 
in  the  table  shows  the  pei-centage  rating  given  in  our  trials,  the 
second  column  the  percentage  of  rot  which  occurred  in  Stuart's  trial 
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oa  tiie  sandy  field,  and  the  third  column  the  peroentage  of  rot  in 
Stuart's  clay  field. 
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Of  course,  the  basis  for  these  figures  is  so  entir^y  different  that 
any  detailed  numerical  comparison  is  idle.  The  relative  rating  in 
each  trial  is  the  thing  of  prime  significance.  As  already  stated,  the 
chief  interest  centers  upon  the  detection  of  varieties  of  especial 
disMse-resistaot  quality.  Stuart's  trials  on  the  sandy  field  showed 
extreme  percentages  of  rot,  ranging  from  zero  to  about  30.  In  the 
clay  field  the  extreme  reached  100  per  cent.  If  we  are  to  attempt, 
faomewhat  arbitrarily  it  is  true,  to  make  five  groups  upon  the  basis  of 
Stuart's  trials,  as  was  done  upon  the  basis  of  our  trials,  it  would  seem 
that  all  varieties  showing  less  than  10  per  cent  of  rot  in  the  sandy 
field  might  properly  be  rated,  so  far  as  that  evidence  goes,  as  highly 
disease  resistant,  and  those  showing  less  than  20  per  cent  rot  in  the 
clay  fields  should  be  thus  rated.  Scanning  the  figures  given  for  the 
20  varieties  rated  on  the  basis  of  our  tests  as  in  the  hi^ly  disease- 
resistant  class,  it  will  be  seen  that  all  but  two,  or  perhaps  three,  are 
put  in  the  same  group  by  Stuart's  figures.  The  exceptions  are  Up- 
to-Date,  which  according  to  Stuart's  figures  would  go  into  the  ae«Hid 
group,  and  Quarantaine  de  la  Halle,  which  showed  a  still  higher  per- 
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centage  of  rot  asd  would  be  by  tbese  figures  rated  as  a  susceptible 
variety.  The  Sir  John  Llewellyn  showed  considerable  rot  on  the 
clay  soil  but  none  whatever  on  tbs  sandy  BoiL  Both  the  Up-to-Date 
and  the  Sir  John  Llewellyn  varieties  are  reported  as  highly  disease 
resistant  in  Great  Britain. 

So  far  as  can  be  judged  from  the  data  at  hand,  therefore,  this 
laboratory  method  seems  reliable  as  well  as  expeditious  for  Uie  de- 
termination of  the  Phytophthora-resistant  qualities  of  the  tubers- 
It  possesses  certain  advantages  which  are  at  once  obvious  over  the 
m^hod  of  field  t^al,  depending  as  that  does  oa  the  dianoes  of 
natural  infection.  Th&  natural  infection  of  the  tubers  in  the  field 
is  conditioned  in  the  fii^t  place  upcm  the  development  of  the  fungus 
on  the  foliage.  This  is  by  no  means  uniform  even  on  the  same 
variety  and  varies  widely  on  different  varieties.  Moreover,  according 
to  Stuart's  observations  (1906,  p.  116)  foliage  resisti^ce  is  not  always 
correlated  with  tuber  resistance.  Thus  the  American  variety  Bust- 
proof  showed  a  high  degree  of  foliage  resistance,  but  the  tubers  are 
especially  subject  to  rot.  Apollo,  a  Grerman  variety,  showed  (Hily 
5  per  cent  of  leaf  infection  in  Stuart's  trials,  as  cwnpared  with  95 
per  cent  on  the  English  variety  Boyal  Kidney.  Our  laboratory  tests 
show  Royal  Kidney  tubers  to  be  much  more  resistant  than  Apollo. 
Stuart's  field  trials  on  the  other  hand  show  more  rot  in  Boyal  Kidney 
than  in  Apollo.  It  se^ns  reasonable  to  believe  that  this  variation  in 
results  may  have  been  due  merely  to  the  difference  in  natural  infecti<m 
resulting  from  greater  development  of  the  fungus  on  the  Boyal  Kid- 
ney foliage.  Minor  variations  in  character  of  soil  and  surface  drain- 
age may  have  a  marked  effect  on  the  percentage  of  rot,  as  may  also  the 
depth  to  which  the  tubers  are  buried.  Moreover,ifonedependswh<41y 
on  field  trials  he  must  often  wait  several  years  before  climatic  condi- 
tiiHis  are  such  as  to  bring  on  the  sudden  and  uniform  development  of 
the  fungus  which  is  necessary  to  furnish  satisfactory  data.  On  the 
other  hand,  by  the  labfM^tory  method  the  relative  Phytophthttta  re- 
sistance of  a  given  series  of  tubers  can  be  determined  in  a  short  time 
quite  independently  of  the  relation  to  foliage,  the  changes  of  climate, 
or  the  variations  in  soiL 

The  data  already  given,  comparing  the  resistance  of  the  several 
varieties  to  Phytophthora  in  the  laboratory  tests  with  the  results  in 
the  field,  have  been  arranged  by  Mr.  J.  B.  Norton  in  the  form  of  a 
table  showing  correlation  for  the  sandy  field  and  for  the  clay  field. 
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Tablx  XIII. — Correlation  between  ]>erventage  of  tnfecUon  of  tvtmra  of  potatoea 
Kith  Pkyiophthora  in  laboratory  tettt  and  perixntage  of  rot  in  tv&era  of 
wme  varietiet  ffrmen  on  tandy  Mil  or  on  obm  tott. 


Hmn 

bwof 

, 

1 

-   irtSaS^"^    -"" 

gtomta- 

S 

s 

8 
S 

8 

9 

8 

3 
3 

8 

S 
8 

a 

3 

8 

a 

E 

8 

a 

s 

I 

t 

"iys" 

f 

I 

s 

1 

B 

3 

i 

s 

1 

::;::: 

14 

13 

! 

1 

1 

> 

1 

Z:: 

■i 

1 

1 

12 

» 

t 

s 

« 

+0.0 

I 

(-16.1 

3 

I 

4-36.1 

« 

.   s 

82 

DiptrtDnlraminBtii.... 

-3«.4 

-S.1 

-a.* 

-1.4 

f*6.fl 

4-M.B 

°",T^. 

I 

a 

■! 

1 

9 

1 

1 

3 

■| 

1 

' 

> 

1 

! 

> 

1 

11 

s 

^ 

3 

T 

3 

^ 

* 

» 

3 

B7 

-40 

-30 

-. 

-10 

.«. 

+20 

+30 

+« 

+S0 

Coefficient  of  correlation  between  laboratoir  tests  and  tests  on  saody  Add, 
O.Se36±a06a ;  between  laboratory  tests  and  teste  on  clay  field,  OJS84±0.009. 

Mr.  Norton  appends  a  paragraph  of  explanation,  as  follows : 

Is  attempting  a  statistical  study  of  the  results  presented  In  Table  ZIII  It 
becomes  at  once  ati^arent  that  tbe  varieties  nsed  in  the  test  were  not  selected  at 
random  in  regard  to  their  resistance  to  the  rot.  The  European  varieties,  in 
particular,  were  the  most  rot  resistant  that  could  be  found.  In  neither  of  the 
Add  trials  nor  In  the  laboratory  test  do  the  frequency  distributions  suggest  a 
normal  probability  curve,  but  this  fact  does  not  eerlonslj  affect  the  results.  The 
Important  fact  shown  la  the  table  Is  that  In  very  few  cases  the  rot  In  the  fltid 
trials  exceeds  In  a  marked  degree  the  suBceptlblUty  Indicated  by  the  laboratory 
test  This  fact  makes  the  reliability  of  the  laboratory  test  much  higher  than 
the  correlation  Indicates.  The  tubers  naed  In  the  field  trials  in  many  cases 
failed  to  rot  where  Che  laboratory  test  shows  Bnsceptlblllty.  These  cases,  while 
weakening  the  coefllclsit  of  correlation,  do  not  affect  the  value  of  the  method, 
since  In  most  cases  this  failure  to  rot  Is  probably  dne  to  environmental  condi- 
tions preventing  infection  in  the  field  trials. 

NATtTSB  AND  DISTRIBUTION  OF  THE  FHTT0PHTH0RA-BEBI8TIN6  FSOFEBTr. 

Early  in  ttie  ciniduct  of  these  studies  the  question  arose  as  to  the 
location  or  distributicMi  of  the  disease-resistant  quality  and  ita  pos- 
sible nature.    Various  lines  of  study  wiih  botii  folia^  and  tt^np 
31706°— Bull.  24&-12 6  '^  ^  S  ^ 
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were  ondertakea  to  obtain  data  as  to  these  mattera.  So  far  as  these 
studies  relate  to  the  fundamental  questioa  of  the  nature  of  the  dis- 
ease resistance  the  results  are  largely  n^ative,  but  certain  facts  wwe 
learned  as  to  its  distribution. 

The  trials  already  discussed  show  that  with  both  organs  the  fungus 
resistance  is  not  merely  due  to  difference  in  epidermal  or  superficial 
tissues.  Thus  in  Irene  the  progress  of  the  fungus  through  the 
mesophyU  of  the  leaf  was  much  slower  than  with  Ionia  Seedling, 
lowing  that  there  is  something  in  the  interior  tissues  of  Ir^ie  which 
furnishes  a  Phytophthora-resistant  character  quite  apart  from  any 
possible  difference  in  epidermal  characters.  With  the  tubers,  like- 
wise, our  trials  show  that  there  is  a  well-marked  difference  in  fungus 
resistance  resident  in  the  living  interior  flesh  of  certain  varieties  and 
nniftoinly  distributed  through  this  flesh.  This  does  not  pnwe  that 
there  is  no  difference  due  to  the  character  of  the  surface  tissues  or 
skin  of  the  potato,  as  has  been  advocated  by  Sorauer  (1902).  But 
inasmuch  as  neither  our  results  nor  those  of  Stuart  show  any  such 
relaticm  to  exist  and  in  view  of  the  evidence  previously  cited  that 
tuber  infection  occurs  chiefly  throu^  breaks  in  the  corky  covering, 
i.  e.,  eyes,  wounds,  or  lenticels,  it  seems  probable  that  the  disease- 
resistant  quality  of  the  tuber  is  resident  entirely  within  the  flesh  and 
quite  independoit  of  tiie  character  of  the  skin. 

Having  decided  that  the  fungus-resistant  character  is  resident 
within  the  interior  tissues  of  the  leaves  and  tubers  of  certain  varieties, 
the  attempt  was  made  to  learn  more  as  to  its  nature.  Inoculation 
expnimenta  had  already  ^own  the  foliage  of  Irene  to  be  highly  re- 
sistant, that  of  Ionia  Seedling  proved  especially  susceptible,  while 
Holbom  Abundance  and  Dakota  Red  were  intermediate  in  resistant 
qualities.  The  juice  was  extracted  from-these  leaves  and  its  degree 
of  acidity  detCTmined  by  titration.  That  of  Irene  was  found  to  be 
-f-10.6  Fuller's  scale;  Iwiia  Seedling,  -|-12.2;  Holbom  Abundance, 
-f  8 ;  and  Dakota  Eed,  -|-14.8.  There  was  no  indication,  theref<H«,  of 
any  direct  relation  between  the  reaction  of  the  juice  and  the  disease- 
resistant  quality  of  the  tissue  from  which  it  was  extracted.  Fur- 
tiier  evidence  on  this  point  was  sought  by  taking  the  juice  from  the 
leaves  of  Holbom  Abundance,  normally  having  the  reaction  -|-8 
Fuller's  scale  and  dividing  it  into  three  parts.  One  part  was  made 
neutral  and  a  second  part  — 8  by  the  addition  of  sodium  hydrozid. 
These  parts  were  then  sterilized  by  heating  in  the  steamer  for  three 
consecutive  days  and  inoculated  with  Phytophthora.  The  growth 
in  all  was  slow  and  small  in  amount.  The  difference  was  slight,  but 
was  less  in  the  mo/ce  alkaline  ( —8)  tube  than  in  the  others.  So  far 
as  this  result  had  any  significance,  therefore,  it  indicates  that  the 
diaease-resistant  quality  was  not  due  to  the  acidity  differenoea 


DISEASE  RS8ISTAITCE  OF  POTATOES.  88 

The  qaestion  arose  aa  to  whether  the  resistant  quality  is  still  re> 
tained  in  the  extracted  juice.  To  determine  this  a  quantity  of  tJie 
juice  was  expressed  from  the  leaves  of  each  of  the  three  varieties, 
Irene,  Dakota  Sed,  and  Ionia  Seedling.  These  were  separately 
passed  by  suction  through  Pasteur-Chamberiand  filters  in  order  to 
render  them  sterile  and  were  placed  in  sterile  tubes.  These  tubes  were 
then  inoculated  with  Phytophthora  and  held  at  18"  to  20°  C.  for  some 
three  months.  The  growth  in  all  the  tubes  was  slow  and  smaU  in 
total  amount  There  was  no  difference  of  significance  between  the 
iimount  of  the  growth  in  the  different  juices.  Since  Irene  and  Ionia 
Seedling  represent  extremes  in  natural  disease  resistance  the  conclu- 
sion reached  was  that  the  disease-resistant  quality  is  either  insepa- 
rably associated  with  the  living  tissues  or  else  was  retained  in  the 
mesh  of  the  filter.  Experience  has  shown  that  enzymes  originally  in 
solution  may  be  removed  by  porcelain  filters  (Jones,  1909,  p.  298).  In 
order  further  to  test  this  matter  the  juice  was  similarly  extracted 
separately  irom  the  raw  tubers  of  these  same  varieties,  Irene,  Dakota 
Red,  and  Icmia  Seedling.  Part  of  this  juice  was  simply  passed 
through  the  Pasteur-Chamberland  porcelain  filters,  part  was  filtered 
and  in  addition  heated  in  the  steamer  for  15  minutes  on  each  of  three 
successive  days,  and  part  of  the  latter  was  in  turn  filtered  a  second 
time  so  as  to  remove  the  coagulum  resulting  from  heating.  The  pur- 
pose was  to  learn  if  the  resistant  principle  might  be  destroyed  or  re- 
moved by  eiUier  the  heating  or  the  filtration.'  Here  again  the  growth 
was  small  in  all  tubes.  Since,  however,  there  was  no  difference  of 
significance  as  between  Uie  different  varieties  it  sewns  that  axty 
disease-resistant  property  possessed  in  these  original  juices  was  lost  in 
the  treatment.  Like  trials  were  made  with  juices  expressed  fnan 
tubers  of  these  varieties  which  were  simply  sterilized  by  heating  in 
the  steamer  tm  three  consecutive  days.  These  tests  also  showed  no 
differences  of  note.  Finally  tubers  of  each  of  the  three  varieties  Irene, 
Dakota  Red,  and  Ionia  Seedling  were  used  in  the  preparation  of 
potato  gelatin,  according  to  the  method  outlined  earlier  in  this  bulle- 
tin (p.  47) .  Here  again  the  growth  was  essentially  alike  on  the  media 
from  all  three  varieties. 

Conclusions. — In  view  of  these  results  it  seems  justifiable  to  con- 
clude that  well-marked  and  fixed  differences  exist  among  potato 
varieties  in  relative  susceptibility  to  invasion  by  Phytophthora  in- 
festans;  in  other  words,  in  disease  resistance.  These  differences  occur 
in  foliage  as  well  as  in  tuber.  While  foliage  and  tuber  resistance 
generally  go  together,  this  relation  is  not  invariable.  The  disease- 
resistant  quality  is  resident  in  large  measure,  and  probably  wholly, 
in  the  interior  tissues  of  both  leaf  and  tuber.  In  the  tuber  it  is  uni- 
formly distributed  throughout  Uie  flesb.    Variations  in  disease  re- 
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sistance  are  not  correlated  with  variations  in  acidity  of  the  tissues. 
The  potato  tuber  contains  but. little  tannin,  and  Cook's  results  indi- 
cate that  tannin  content  is  not  a  factor  in  Phytophthora  resistance  in 
the  potato.  While  this  resistance  may  be  and  indeed  probably  is  due 
to  scMne  chemical  product,  up  to  the  present  time  efforts  to  retain  this 
product,  either  in  the  codied  potatoes  or  in  the  cooked  or  filtered  juice 
extracted  from  the  disease-resisting  potato  varieties,  have  not  suc- 
ceeded. This  product  may,  therefore,  be  assumed  to  be  either  a  com- 
pound, modified  or  de^xoyed  by  cooking  and  weakened  or  removed  by 
filtration  through  porcelain,  or  else  it  may  be  so  intimately  associated 
with  the  living  protoplasm  as  to  be  inseparable  from  it  by  the  proc- 


SUHaUBT. 

1.  The  potato  disease  termed  the  late-blight  and  rot  has  been 
known  as  the  most  serious  of  all  potato  diseases  in  Europe  and  Amer- 
ica since  about  134o,  when  its  outbreak  was  the  immediate  cause  of 
the  Irish  famine.  In  the  State  of  New  York  alone  a  loss  of  20,000,000 
bushels  in  one  year  was  attributed  to  this  disease,  and  the  percentage 
of  loss  may  be  even  greater  elsewhere. 

2.  The  disease  does  not  attack  the  leaves,  as  a  rule,  until  after  the 
blossoming  period,  i.  e.,  in  late  summer;  if  present  and  weather  con- 
ditions favor,  it  quickly  causes  late-blight,  which  kills  the  foliage 
and  thence  passes  to  the  tubers,  causing  the  dry-rot. 

3.  The  disease  is  common  in  the  Northeastern  States,  being  fa- 
vored by  rather  cool,  moist  summers.  Farther  south  and  west  it  is 
less  common,  probably  only  occurring  locally  when  introduced  with 
seed  from  the  North.  It  does  not  long  persist  where  Uie  late  summers 
are  warm  and  dry. 

4.  It  is  liable  to  confusion  with  such  leaf  diseases  as  the  eariy- 
blight  (Alternaria)  and  leaf-blotch  (Cercospora)  and  with  various 
types  of  tuber  rot. 

5.  It  is  caused  by  the  fungus  Phytophthora  infestans. 

6.  The  fungus  develops  first  on  the  foliage,  from  which  it  passes 
by  means  of  spores  that  are  washed  into  the  soil  to  die  tubers,  in 
which  it  hibernates. 

7.  Jensen  showed  the  possible  efficacy  of  two  rtanedial  measures: 
(a)  Burying  the  tubers  to  a  sufficient  depth  (about  4  to  5  inches) 
with  soil  to  prevent  the  infection;  (b)  disinfecting  tubers  deigned 
for  seed  purposes  by  exposure  to  dry  heat,  40°  C.  (104°  F.)  for 
four  hours.  Neither  of  these  methods  has  become  established  in 
practice. 

8.  Studies  of  infection,  dissemination,  and  disease  control  have 
shown: 

(a)  Tuber  infection  in  the  field  may  be  prevented  by  graying  the 
soil  even  when  the  fungus  is  allowed  to  develop  imchecked  cm  the 
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Potato  Tuber  Showing  Drv-Rot  Caused  by  Phvtopmtmora. 
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foliage.    This  is  explainable  only  on  the  assumption  that  the  pri- 
mary  tuber  iniecticm  comes  frcHn  sporee  washed  through  the  soil. 

(b)  Tubers  may  also  be  infected  from  contact  with  blighting  foli- 
age at  digging  time. 

(c)  Secondary  infection  of  tubeiB  may  occur  eiUier  in  the  soil 
before  digging  ih-  in  the  storage  bin  from  qwres  developed  on  the 
'surface  of  earlier  infected- tubers. 

(d)  When  the  tops  are  attacked  by  late-blight  the  harvesting  of 
the  tubers  should  be  delayed  until  a  week  or  more  after  the  death  of 
the  tops.  Longer  delay  does  no  harm  unless  the  season  be  wet  and  the 
soil  exceptionally  heavy. 

(e)  Dry,  cool  storage  is  of  primary  importance,  the  use  of  lime  or 
formalin  disinfection  for  the  tubers  being  valueless. 

(f)  Wind  and  water  are  probably  the  important  agencies  in  local 
spore  distribution,  but  leaf-eating  insects  also  function  and  may 
carry  the  spores  longer  distances. 

(g)  Spraying  the  foliage  with  Bordeaux  mixture  has  proved  an 
almost  complete  remedy  against  both  the  Phytophthora  blight  and 
the  rot,  and  also  operates  beneficially  to  the  potato  plant  in  other 
ways.  Spraying  experiments  with  this  mixture  have  been  made 
annually  at  the  Vermont  experimrait  station  fca-  20  years,  1891  to 
1910,  OR  late  or  main-crop  potatoes,  three  applications  generally  being 
made.  The  results  were  an  increased  yield  in  every  case,  ranging 
from  18  to  216^r  cent.  The  average  of  the  yields  of  the  20  years 
oa  the  sprayed  areas  was  268  bushels  per  acre  as  compared  with  163 
bushels  <Ki  the  unsprayed,  a  gain  of  105  bushels  per  acre,  or  64  per 
cent. 

9.  Pkytophihora  infestcma  has  been  carried  in  pore  culture  ^nce 
1904,  and  some  strains  have  been  thus  grown  cmtinuously  for  over 
five  yeara  without  evidence  of  change  in  path<^enicity  or  other  char-  , 
acters.  It  grows  best  on  blocks  cut  frcsn  the  interior  of  raw  potato, 
v«7  well  on  Lima-bean  agar  and  potato  gelatin,  and  also,  as  recently 
shown  by  Clinton,  cw  oat  agar.  It  has  been  grown,  but  with  less 
vigw,  on  various  other  v^etables  and  synthetic  media. 

10.  The  fongns  in  culture  will  survive  a  fairly  wide  range  in  the 
reaction  of  the  medium.  Fructification  was  checked  by  an  ^kalinity 
of  —3  Fuller's  scale  and  by  an  acidity  of  -|-16.  Vegetative  growth 
occurred  between  —8  and  ^25.  These  facts  are  of  possible  interest 
in  connection  with  the  relation  of  the  fungus  botb  to  the  host  tis- 
sues and  to  fungicides. 

11.  Exposing  test-tube  cultures  for  10  minutes  at  temperatures  up 
to  40°  C.  did  not  prevent  the  later  development  of  the  fungus ;  be- 

■  yond  this  temperature  inhibition  resulted.    Where  cultures  were  held 
at  ccHiBtant  temperatures  the  best  growths  resulted  between  16°  and 
19"  G    Below  16*  C.  the  growth  was  slower,  and  below  H"  C.^iJ^m^. 
240  '        <> 
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wholly  inhibited.  At  and  above  23°  C.  the  growth  was  inhibited, 
wiih  no  sporuUtion  above  25°  and  no  vegetative  growth  at  or 
above  80°. 

12.  Bodies  having  the  <^Tacters  of  thick-walled  spiny  resting 
spores  were  produced  in  pure  cultures  in  potato  gelatin  and  in  Lima- 
bean  agar.  In  the  early  stages  of  their  development  these  bodies  had 
the  general  appearance  and  the  cjtological- characters  of  oogonia,  but" 
no  antheridia  were  found,  and  they  apparently  developed  asezuallj. 
Nine  strains  of  the  fungus  from  widely  different  sources  in  America 
and  Europe  have  been  studied  with  reference  to  the  production  of 
these  bodies.  They  were  found  in  all.  Growth  in  mixed  culture  did 
Dot  increase  or  modify  them.  Persistent  search  failed  to  reveal  the 
mature  stages  of  these  bodies  in  cultures  upon  blocks  cut  from  potato 
tubers,  although  what  were  considered  to  be  immature  stages  of  the 
some  bodies  were  found  sparingly.  No  such  bodies  have  been  found 
in  decaying  potato  tubers  following  Phytophthora  attacks.  Examina- 
tion of  potato  leaves  killed  by  Phytophthora  showed  that  somewhat^ 
similar  bodies  occur.  Some  of  thun  clearly  originated  from  secondary 
saprophytes  and  probably  all  so  originated.  No  opinion  is  therefore 
justified  as  to  the  occurrence  of  such  resting  spores  in  nature,  althou^ 
their  appearance  in  the  culture  tubes  proves  that  Phytophthora  is 
capable  of  developing  such  bodies.  In  no  case  have  these  spores  been 
seen  to  germinate. 

13.  Inoculati(»is  of  potato  leaves  of  different  varj^ies  with  Phy- 
tophthora cultures  showed  that  certain  varieties  are  much  more  sus- 
ceptible than  others.  This  difference  was  shown  in  the  rate  of 
progress  throu^  the  leaves  following  infection  as  weU  as  in  the  num- 
ber of  leaves  infected.  This  fact  indicates  that  the  disease-re^stant 
quality  is  largely,  if  not  whoUy,  resident  within  the  mesophyll  and 
that  it  is  independent  of  epidermal  characters. 

14.  Inoculations  of  sterile  blocks  cut  from  the  flesh  of  potato  tubers 
with  Phytophthora  cultures  showed  a  wide  range  in  vigor  of  growth, 
i.  e.,  in  Phytophthora-resisting  properties.  Blocks  cut  from  dif- 
ferent parts  of  the  same  tuber,  and  also  from  different  tubers  of  the 
same  variety,  gave  essentially*  like  results.  There  was  mui^  differ- 
ence, however,  as  between  varieties.  This  difference  was  sufficiently 
marked  to  permit  of  their  being  graded  on  a  percentage  basis  with  a 
fair  d^ree  of  assurance  and  to  enable  <Hie  to  distingui^  with  full 
confidence  between  the  especially  disease-resistant  varieties  and  those 
that  were  more  susceptible. 

15.  A  comparison  of  the  conclusions  reached  l^  this  laboratory 
method,  unng  pure  cultures  'for  determining  the  reUtive  diseaae- 
reastant  quality  of  potato  tubers,  with  the  amount  of  tuber  rot  re-  ■ 
carded  by  Stuux  frota  field  trials  of  the  same  varieties  gives  ground 
for  confidence  in  its  reliability  as  a  method  of  judging  of  the  rot- 
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resistant  quoUtiea  of  the  variety  under  trial.  It  is  a  method  having 
at  least  mut^  value  as  supplementing  field  trials  for  the  determina- 
tion of  disease  resistance,  if  not  of  replacing  them  entirely. 

16.  These  studies  confirmed  the  conclusions  reached  by  Stuart 
from  his  field  trials  that  certain  standard  European  varietiea  are 
much  more  highly  resistant  to  Fhytophthora  attacks  than  are  the 
standard  American  varieties. 

17.  Efforts  to  determine  mture  definitely  the  location  or  nature  of 
the  disease-resisting  property  gave  little  tiiat  was  definite  bey<md  the 
fact  that  it  was  resident  within  the  flesh  of  the  living  potato  tuber 
and  uniformly  distributed  through  it.  The  difference  was  not  cor- 
related with  differences  in  the  relative  acidity  of  the  sap  or  in  any 
other  chemical  factor  determined  and  it  apparently  was  lost  with  the 
extraction  of  the  juice  and  with  cocking. 
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Plate  I.  Pot&to  leaf  badly  attacked  hy  the  late-bllgtt  fnngui  PhytopMtton 
tnfe$taiu.    (From  a  palBtlug  by  Mtx  W.  J.  Uone.) 

Plate  II.  Potato  tuber  with  the  mnken  dark  areas  cbaracterlatlc  of  Pbytafii- 
tbora  Infection,  the  condition  common);  known  as  dry-rot.  (From  a  paint- 
ing by  Mr&  W.  J.  Uorae.) 

Plate  III.  Phytophtbora-laf acted  tubers  with  the  fungna  fmltlng  on  their  aar- 
faces.  Microscopic  examination  allowed  the  wblte  spots  to  conitlBt  of 
Phytophthora  infeetam,  richly  Eqximlatlng.  (a)  Tuber  Jnst  as  dug  from  the 
BoU  with  eereral  soch  fungous  tufte,  (6)  Tubers  from  storage  cellar  still 
more  abundantly  studded  with  Phytophthora  outgrowths. 

Plates  IV-YIII.  Drawings  of  Phytophthora  infesiant.  All  flgurea  In  these 
plates,  unless  otherwise  specified,  were  drawn  by  the  aid  of  a  camera 
luclda  from  material  grown  In  pure  culture.  Figs.  1-336  are  magnified 
about  600  times.  Tigs.  20-63  are  magoifled  1,000  tlmea,  exccfit  So.  48, 
which  Is  2,000  times.  Figs.  1-16.— These  16  lllustratlotiB  represent  dlf- 
f(>rait  types  and  stages  In  the  development  of  the  resting  bodies  found  In 
our  earlier  potato-gelatin  cultures.  Some  of  these  bodies  are  brown 
walled,  while  others,  sucb  as  Nob.  8,  11,  and  12,  have  a  gelatinous  and 
practically  transparent  outer  covering,  usually  very  much  BwoU«m,  In- 
closing a  dark-brown  Inner  wall  (flgs.  G,  6,  and  7).  Fig.  16  shows  the 
condition  and  also  the  granular  halo  In  the  gelatin  which  enveloped  the 
outer  coating.  Some  of  the  others,  such  as  Nos.  8.  8,  10,  11,  12,  and  13. 
show  this  granular  layer  more  dlfFused  or  developed  In  a  less  marked 
degree.  Figs,  17-28. — Clear-walled,  apparently  Immature  reeUng  spores 
such  AS  were  abundant  In  our  later  culture.  It  will  be  noticed  that  these 
bodies  are  usually  formed  aplcally,  or  as  side  branches,  but  may  be  formed 
Intercalary  In  the  hyi^ue.  Fig.  16  shows  the  general  resemblance  of  at 
least  some  of  these  bodies  to  the  conidla.  Figs,  25  and  28. — Clear-walled 
spores,  but  with  Inner  portion  of  wall  tinged  with  brown.  Spines  are 
apparently  beginning  to  form  In  the  Interior.  Figs,  27  and  28. — Brown- 
walled  eporea  obtained  from  teasing  Pbytophtbora-lnfected  potato  leaves, 
probsbly  saprophytic  Intruders.  Figs.  29-38. — Thick,  brown-walled,  spiny 
resting  spores,  such  as  have  been  found  In  our  later  old  potato-gelatin  cul- 
tures. Fig.  33a  Is  a  surface  view  of  such  a  spore,  while  flg.  3A6  Is  a  median 
optical  section  of  same.  Figs.  S9,  40,  and  41. — Clusters  from  potato-gelatin 
culture.  No.  40  Is  clear  walled ;  No.  39  has  dark-brown,  almost  smooth 
waIl8:*No.  41,  spiny  dark-brown  walls.  These  three  clusters  were  obtained 
from  one  slide  and  evidently  represent  different  stages  or  types  of  develop- 
ment Figs.  42-46. — Stained  sections  of  Immature  resting  spores,  showing 
the  nuclei  and  the  pecallar  structures  suggestive  of  aborted  oospheres. 
Fig.  47.— Details  of  section  of  one  of  these  Interior  bodies.  Fig.  48. — Some 
of  the  mycelium  from  the  pure  cultures  showing  the  nucleL  Fig.  49. — 
Couldla  stained  to  show  nucld.  Fig.  CO. — Conldlum  cut  up  into  looapores; 
stained  to  show  nuclei.  Fig.  SI. — Zoospores  stained  on  slide  to  sbovr 
nucleus  in  each.  The  cUla  are  not  stained.  Fig.  62.— Zoospore  which  has 
not  escaped  from  conldlum,  putting  out  a  germ  tube;  nuclens  stained.  Fig. 
C3. — Hauatorlnm  from  mycelium  In  potato  tuber  p«ietratlng  host  ceil. 
Drawing  from  a  preparation  courteously  fumlsbed  by  Dr.  Delacroix. 

Platk  IX. — Tube  cultures,  10  days  old,  of  Phytophthora  infeitant  on  raw-potato 
blocks,  showing  different  degrees  of  snsceptlblllty  or  disease  resistance. 
Tubes  la  to  Id,  Irone;  tubes  2a  to  2d,  Oreen  Uountaln.  By  compeirlBon 
with  Table  XI  (p.  77)  It  will  be  seen  that  the  Irene  represents  the  highly 
disease-resistant  varieties  (group  1,  p.  77).  It  Is  not,  however,  the  most 
highly  resistant  of  these,  Its  average  growth  being  rated  at  11  p»  cent 
(p.  77),  Green  Mountain  is  representative  of  the  highly  susceptible  rarle- 
tles  (group  6,  p.  78),  showing  an  average  growth  rafed  at  95  pw  c«it. 
Hundreds  of  su<A  cultures  have  be^  made  of  these  two  varieties,  uatng 
scores  of  tubers  and  from  the  crops  of  two  seasons,  with  similar  resnlta. 

Plate  X. — Cultures  similar  to  those  of  Plate  IX,  showing  four  varieties:  Tubes 
3a  and  36,  Smith's  Bllghtproof,  a  highly  susceptible  American  variety  t^>- 
resentlng  group  5.  The  next  two  varieties— Jersey  Peaehblow  and  Manly — 
also  American,  represent  the  moderately  re^stant  varieties  (group  2).  Up- 
to-Date  Is  a  highly  resislant  English  variety  representing  group  1.  (For 
fnrther  details  se«  t^t  under  "  Disease  resistance  of  potatoes,"  p.  e&) 
24S 
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Fusarium  app.,  causal  parasite  of  potato  diseases 17, 18 

OambeIl,w.U.,aaBistBDce  in  morphological  studies 9,60 

Oangraena  tnbernm  solani,  former  name  of  causal  parasite  of  potato  rot 21,25 

Gelatin,  use  In  media  tor  culture  of  potato-ret  fungus 43-45, 

47-49, 62-63, 66, 67, 61-63, 66-68, 83, 85, 86, 94 
Germany,  factum  relating  to  the  potato  and  its  diseases..  19,81,23,41,45,68,69,77-78 


Gemination,  proceas  as  witnessed  ii 
Genu  tube.    Bee  Tube,  germ. 

Glycerin,  lue  in  potato-rot  studisB 30, 60, 51, 61 

Great  Britain,  inveatiCTtiona  of  potato-rot  fiu^us 22, 23, 68, 77-78, 80 

Su  alto  E^land  and  Scotland. 

GQfisow,  n.  T..  on  occurrence  of  black  wart  of  potaloee 18, 89 

Habit  of  mi wtA,  relation  to  disease  resistance  of  the  potato 70 

Hallier,  Emat^  on  the  pathological  history  of  the  potato 20,80 

Harriaon,  F.  C.,  on  bacterial  disease  of  the  potato 17,89 

HauatfHia,  relation  to  development  of  potato  blight 29, 30 

Hecke,  Ludwig,  on  culture  media  adapted  to  potato-rot  fungue 43, 51, 89 

HeinemanQ,  P.  G.,  on  culture  media  for  potato-rot  fungus 52, 63, 89 

Holland,  jnveetigations  of  potato  rot 21, 23, 45, 69, 77-7a 

Holle,  GuBt&v  von,  on  relation  of  eporee  to  tuber  infection  of  potatoea 24,89 

Hosts,  relation  of  Phytophthora  infeetans 24-26, 29-30 

Hyphffi,  microscopic  Btmcture  in  potata  leaf 27, 28 

Infection,  rtudiee  relating  to  potato  rot ... .  11-13, 26, 30-31, 33-40,43, 70, 80, 84-86, 04 

Ink,  India,  use  in  experimental  studies  of  potato  rot 36,38,39 

InocuIationB,  experimental  data  relating  to  the  potalo-rot  fungus 11,24; 

26, 36, 38, 30, 46, 48, 56, 57, 67-84, 86, 94 

Insects,  relation  to  malsdics  of  tbe  potato 15,16,23,40-42,85 

Ireland,  investigationB  of  potato  rot 10, 19, 21, 23, 45, 68, 84 

Isolation,  methods  used  in  culture  of  potato-rot  fungus 45, 6d 

Jelly,  silicate,  use  as  medium  for  culture  of  potato-rot  fun^^os 46,54 

Jensen,  J.  L.,  on  control  of  potato  rot 20-22,31-34,37-30,56,84,89 

Jones,  L.  R.,  on  factors  relating  to  diseases  of  the  potato .  9,18,34,40, 69, 77, 83, 80-W 

Jones,  L.  R.,  andGiddings,  N.  J.,  on  studies  of  the  potato-rot  fungus g,'90 

Lutman,  B.  F.,  on  studies  of  the  potato-rot  fui^us 9, '90 

Morse,  W.  J.,  on  control  of  potato  wt 10,34-37,90 

Pomeroy,  C.  S.,  on  occurrence  of  leaf-blotch 15,90 

Jouet,  M.,  use  of  Bordeaux  mixture  to  control  Phytophthora 40 

Juices  of  vegetables,  etc.,  media  for  culture  of  potato-rot  fungus 28; 

44,47,49,82-83,8? 

Kaufbnan,  C.  B.,  on  constituents  of  culture  media 66,00 

Elebahn,  Heinridi,  on  species  of  Phytophthora ; 25, 90 

Klebs,  G.,  on  results  witn  culture  media 66, 67, 90 

Knollenf&ule,  occurrence  as  a  new  disMse  on  the  potato 20 

Knopp's  solution.    Sm  Solutions,  synthetic. 

Kratlselkiankhelt,  l«it-curl  malady  of  tlie  potato. 18 

lactic  acid.    See  Acid,  lactic.  i 

Late-blight,  diaractere  and  occurrence thl9 

Set  alto  Diseases,  Distribution,  Hosts,  etc.  ' 

Leaf-blotch,  differentiation  front  late-blight  and  rot  of  the  potato 15,84 

curl,  diseafles  of  the  potato 17—18 

Lenticels,  relation  to  spr^d  of  infection  of  potato  rot 34-86,83 

Liebig,  Justus,  on  cause  of  potato  rot 23 

Light,  relation  to  production  of  Phytophthora  zoospores 27 

Lime,  use  tor  control  of  potato  rot 21, 22, 37, 40, 55,  SB 

Liquid  media.     Set  Media,  liquid  synthetic- 
Longevity,  data  relating  to  potato-rot  funpus 46 

Lutman,  B.  F.,  investigations  of  potato  diseases 9,41,90 

Ms^eeium  sulphate,  constituent  of  culture  media  for  potato-rot  fungus 50,51,53 

Mame,  investigations  of  potato  rot 10,45,68 

Mangin,  iMuis,  on  the  relation  of  Phytophthora  to  hoet  tissues 29,90 

Mannito,  use  in  culture  media  for  potato-rot  fungus 47,49-52 

Martius,  C,  F.  P.  von,  on  pathological  history  of  the  potato 20-22,24,25,42,90 

Massachusetts,  occurrence  of  potato  Wight  and  rot 22 

Mafruchot,  L.,  andMolliard,  M.,  on  growth  of  potato  ftii^us.. .  43,44,46,47,56,57,91 

Maturity,  relation  to  rot  infection  of  potato  tube™ 34, 36 

Mayer,  A.  E.,  on  behavior  of  yeast  in  pure  culture 51 

Meal,  com,  use  oa  medium  for  culture  of  potato-rot  fungus 44 

Media,  culture,  substances  used  for  growth  of  potato-rot  fungus 29,43-54,69,85 

See  auo  Agar,  Cherries,  Gelatin,  Oat,  Potato,  Pumpkin,  etc. 

li^d  synthetic,  behavior  of  potato-rot  fungus 40-64 

See  alio  Broths  imd  Solutions. 

Mercuric  chlorid,  use  in  preparing  media  for  cultures  of  potato-rot  fungus 46, 75 

31706°— Bui.  245—12 7 


THE  POTATO  PUNGU8  PHYTOPHTHOEA  INFBSTANS. 


Methods,  iuveBtigatioEis  of  potalo-rot  fungus 44, 

45, 47-48, 56, 58, 61, 70, 71, 74-78, 80-84, 86-87 

UichJgan,  occurrence  of  potato-dieease  epidemic 14 

Uildeir,  term  early  applied  topoUMrot 20 

Uinnceota,  occuirence  of  potato-dieeaae  epidemic 14 

Miuott,  0,  W    on  control  of  potato  dieeaBei 41,81 

Mixture,  Bordeaux,  use  as  fun^cide  for  potato  diHaaaes 21,26,40-42,65,85 

Uoisture,  relation  to  inf ec  tion  of  potato  rot . . .  11, 13, 14, 22, 23, 29-32, 3S,  37-40, 45, 70 

MontaKuo,  J.  F.  C,  ou  causal  pansite  of  potato  rot 24,25,43,59,91 

Morren  C.  P.  A.,  on  control  of  potato  Kit  by  fungicidea 21,24,34,40,91 

Home,  W.  J.,  on  facton  relating  to  potato  rot 10, 17, 42, 45, 91 

If uskmelon,  use  aa  medium  for  culture  of  potato-rot  fungus 43,45 

Uycelium,  development  in  potato  tissues 26^, 

36, 38, 3D,  43, 46, 48, 63, 56, 58, 59, 63, 76, 94 

New 'Brunswick,  disastrous  results  oi  potato  rot 22-23 

Now  England,  occurrenca  of  potato  blight  and  rot 14 

Newfoundland,  occurrence  of  potato  wart 18 

Hew  York,  occurrence  of  potato  blight  and  rot 10,14,22,84 

Nitrogien,  uee  in  media  for  culture  of  potato-rot  fungus. 49,51,52 

Nomenclature,  data  relating  to  Pbytophthora  infeetans 24-26 

Nortli  America,  apmarance  of  potato  blight  and  lot 22 

SMoIfoiiuiiesoiFrovincas,  Slataa,  etc.;  aaCanada,  Newfoundland,  Ohio, etc. 

Norton,  J.  B.,  correlation  table  of  potato  disease 80-81 

Norton,  J.  P.,  on  cauaea  and  reaulta  of  potato-tot  epidemics 23 

Norway,  occurrence  of  potato  blight  and  rot 21 

Mora  Scotia,  diaaatrous  result  of  potato  rot 22-23 

Oat,  uae  in  agar  as  a  medium  for  culture  of  potato  fungus 69, 85 

Odor,  characteriatic  symptom  of  potato  blight 13 

Ohio,  occtirrence  of  potato  rooetto IT 

Oogt^iia,  occunence  in  potato  leaves  and  tinuee 58, 59, 86 

Oomycetee,  analogy  is  structuie  to  Fhytophtbora 65 

Ooepora  scabies,  causal  parasite  of  potato  scab 18 

OoqM»ee,  Moducdon  by  Fhytophthora  and  related  fui^ 28-29, 44, 57, 59. 69 

See  obo  Spores,  resting, 

Orton,  C.  R.,  assistance  m  the  determijiatioaB  ol  diaeaae  renatauce 9 

Orton,  W.  A.,  on  investigatiorui  of  potato  rot 9,14,18,69,91 

Orton,  W.  A.,  and  Ames,  Adeline,  on  plant  diseases 91 

Field,  Ethel  C,  on  wart  diflease  of  the  potato 18,91 

Osmotic  prtssure.    Su  Pre«ure,  osmotic. 

Overtrinterintr,  spread  uf  potato  rot  from  season  to  season 10,37-40,58 

Ongen,  relation  to  formation  of  resting  spores  of  pot»ti>-iot  fungus. 66 

Paun,  areca,  host  plant  of  species  of  PEytophthora 25 

Patasitee,  faculative,  relation  to  decay  of  potatoes. 18 

Stt  aho  Bacteria  and  Fungi. 

Parenchyma,  seat  of  development  of  potato-iot  fungus 26,29 

Paria  green,  uae  as  insecticide  on  the  potato 15 

Parsnip,  uae  aa  medium  for  culture  of^potato-rot  fungus 45 

PatJiOMiucity,  relation  to  behavior  of  Fhytophthora 85 

FaOioItiey,  plant,  stimuluB  occasioned  by  potato-tot  epidemic 23 

Pkyen,  M.,  pathological  researrhea  relating  to  the  potato.... 23 

Pennaylvoma.  investigationa  of  potato  bli^t  and  rot 22,45,68 

Peptone,  use  in  culture  medium  for  potato-rot  fungus 53 

Perouoepora,  former  generic  name  of^Phytophthora  infeetans 25 

Petunia  hybri  da,  host  plant  ot  Fhytophutoia  infeatana 26 

Pfetter  W.  F.  P.,  on  behavior  of  Pilobua  on  culture  media 46,91 

niaseolua  lunatus.    Set  Bean,  Lima. 

Hienolphthaleio,  use  in  tests  of  potato-rot  fungua- 46,53,64 

FhiUipe,  Henry,  on  the  history  of  the  potato 19,91 

Pilobua,  analogy  to  potato-rot  fungua *6 

Planting,  relation  of  depth  to  control  of  potato  rot 88 

Plates,  description M 

Plowwrigbt,  C .  B . ,  on  occurrence  of  potato  blight  and  rot  in  Great  Britain ...  22, 68, 91 

Plum,  use  asmemum  for  culture  of  potato-rot  funpus <3 

Poisoning,  areetiical,  diflerentiation  nom  other  maladies  of  the  potato 16 

Potash,  investigationB  of  potato  rot 22,30 

Potassium,  ueect  salts  in  testing  potato-rot  fungus 60-63,55 
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Potato,  Telalion  of  disnaesUipToductioii ft-I0,I9,23 

use  lor  culture  of  potato  fungus..  S8,43-«9,66,67,60-«3, 66-68,82-83,85-87,04 

Freenire,  oamotic,  relation  to  gn>wt£  of  potato-rot  fungus 60-61 

FciUieuz,  E.  E.,  use  ot  BonJesus  mixtuie  to  control  potato  rot 40, 91 

Prot«nB,reUtioa  to  occuirence  of  potato  rot..  " 


Pumpkin,  UBeasmedium  for  culture  of  potato-rot  fuagus..        _.   ._ 

Pythium  sp.,  occurrence  on  decaying  potato  leaves 68-69,68 

Rainfall,  relation  to  infection  of  potato  tubera  by  rot 11,31,32,34-^6,40,41 

Baleigt,  Walter,  relation  to  European  introduction  of  the  potato 10 

Band,  P.  V.,  asaistancein  the  determinations  of  disease  resistance 0 

Baolln,  J.,  on  behavior  of  Atpeigiltua  in  pure  cultures 52 

Resistance,  lelationof  varieties  of  potatoes  todiseaae 0, 40, 42, 44-17, 69-84, 86, 87 

Bhizoctonia,  causal  pwasits  of  potato  diseases 17,18 


Rot,  soft,  symptom  accompanying  diseases  of  potatoes 16-18, 30 

Rose,  Emeet,  on  earlv  history  ofthe  potato 19-21,92 

Rye,  control  of  ergot  O}' use  of  fungicide 21 

Suid ,  relation  to  infection  of  potato  tubets  by  Phytophthont 31 

Saprolegnift,  ftnalc^inmotpliology  toPhytophthon 60,66 

Saprophytes,  invasion  of  decaying  potato  tissues 66,86,94 

Be*  obo  Bactoiaaud  Funci. 

Scab,  diflerantiation  from  otner  diseases  of  the  potato 18 

Scala,  sun,  occuiience  on  the  potato  plant 16 

Scotland,  iBvestigatioiiB  of  poUto  rot 22, 23, 41, 4S,  69, 77-78 

Schizantnus  gnhami,  host  plant  of  PhytoT^thota  infestans 26 

Scrophulariace«,hoetplantsofspecieeof  Phytopbthora 26-26 

Bcnit,  black,  maladyoT  potatoee  caused  by  Rhizoctonia 18 

Seed ,  relation  to  dissemination  of  potato  disease 16, 22, 32-34, 37, 39, 84 

Selby,  A.  D.,onroBett«ol  the  potato 17,92 

Selection,  seed,  measure  ol control  of  leaf-ciul  malady  of  the  potato 18 

Shipment  of  potatoes,  telatioQ  to  diseases 18 

Smith,  Enrin  F.,  oa  lacton  lelating  to  poUto  lot 9, 16, 17, 40, 92 

Smith  Enrin  P.,  and  Svin^e,  D.  B.,  on  dry  end-rot  of  the  potato 17-16, 92 

Smith,  W.  G^  on  resting  Bpoiea  of  Fhvtophthora 29, 68, 60, 64, 67, 92 

Smorawdy,  Josef,  on  teeting  mong  of  potato  fungus 29, 56, 60, 92 

Smut  of  oats  and  vheat,  control  bv  fungicide 21 

Sodium,  use  of  salts  in  potato-rot  biveetigHtions 21, 22, 40, 53-65, 82 

Snyder,  Hairy,  on  acid  content  of  potato  tuben 64,02 

SoU,ielationtodise«seeofthei«tato.  11,13,15,21,22,30-35,37,40,70,74,76-81,84-85 

Solaiium  spp,,  host  plants  of  Fhytophthora  infeetans 19,26 

tuberosum,  scientific  Dame  of  the  potato 19 

Solntions,  synthetic,  behavior  of  potato-rot  lungtis 49-54 

S<»KUer,  Paul,  on  spraying  potatoee 41,82,92 

South  America,  prehistoric  source  of  the  potato 19, 20, 22, 56 

Spaces,  intercellular,  seat  ol  development  of  potato-rot  fungus 26, 27, 30 

Spain,  early  introduction  of  the  po6ito 10 

Speeischoeider.  J.,  on  relation  of  spores  to  infection  of  potato  tuben 24,92 

Sporangia,  medium  of  infecting  tissues  with  potato-rot  fungus 26,28,58,61 

Spores,  investigations  of  potato  blight  and  rot 11-13,24,28,31-35,39,56,64-85 

restii^,  investigations  of  potato-rot  fungus. 9, 28, 

33, 39, 44-45, 48, 54, 57-69, 86, 04 

Spraying,  method  of  control  of  potato  rot 10,34-35,40-42,64,85 

Stains,  use  in  microscopic  study  of  Pbytophthora 29-30, 61, 63-^ 

Starch,  relation  to  behavior  of  porato-rot  fungus 29-30, 47, 49-63 

Steamships,  relation  to  introduction  of  potato  diseases 20 

Stem-blight,  differentiation  from  late-blight  and  rot  of  the  potato 17 

rot,  occurrence  as  a  new  disease  on  the  potato 20 

Stems,  potato,  invasion  by  disease  organisms 11, 16-18, 26, 31, 34 

Stevens,  F.  L.,  on  development  of  Albugo  bliti 62, 65, 93 

Stewart,  F.  C,  experimental  trials  of  Bordeaux  mixture  on  potatoes i..        4B 
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aiewart,  F.  C,  BuatAce,  H.  7.,  tmd  Sirrise,  F.  A.,  on  loss  by  potato  blight 10,93 

French,  G.  T.,  McMurran,  S.  H.,  and  Sirrine,  P.  A.,  <m  use  of 

BordeauK  niiiture 42, 93 

StOckfAule,  occuirence  as  new  dieeaae  on  the  potato 20 

Stolons,  invasion  of  potato-roeetta  otganism 17 

Storage,  relation  to  occurrence  of  diaeasea  of  potato  tubeni 17, 18,22,32-37,85,  W 

Straina,  Bouroes  of  material  for  etudy  of  potato-rot  fungus 67-68, 86 

Stuart,  William,  on  studies  of  potato  rot B,  40, 69, 70, 72, 74, 77-80, 86, 87, 93 

Studies,  microscopic,  structure  of  potato-rot  parasite 27-29, 61, 64, 94 

Stureis,  W.  C,  on  leaf-epotdiaeaaea  of  the  potato 16,93 

Sunahiae,  relation  to  maladies  of  the  potato 16 

SuBceptibiliU',  disease,  variation  among  varieties  of  the  potato ...  44, 56, 69-84, 86, 94 

Sutton,  A.  W .,  on  diseaseB  of  the  ptato '. 93 

Switzerland,  early  introduction  of  the  potato 19 

Tannin,  relation  to  potato  rot :.  &5-56, 84 

Taro,  hoet  plant  6f  species  of  Phytophthora 25 

Temperature,  relation  to  maladies  of  the  potato 13, 

14, 16,  &,  22, 23^, 32, 36-37, 43, 45, 64, 66,67,84-86 

Thallctmm  purpurascens,  host  plant  of  epeciea  of  Phytophthora 25 

Theobroma  cacao,  hoet  plant  of  apeciee  of  Phytophthora 25 

Thermal  relations.    See  Temperature. 

Tip-bum,  occurrence  on  the  potato 15,16 

Tobacco,  hoat  plant  of  speciea  of  Phytophthora 25 

Tomato,  inveetigationB  of  potato-rot  fungus 16,26,40,43 

Treatment,  field,  reconunendatioiis  for  control  of  potato  rot 21,24 

See  al»  Control. 

Tube,  germ,  penetration  of  tissues  of  the  potato 11,26-28,58 

Tuber-rot,  occurrence  as  a  new  disease  on  the  potato 20 

Tubeta,  potato,  invasion  by  diseases 9-11 , 

13, 1&-18, 20, 22, 24, 26, 30-34, 37, 39, 42, 70, 74, 84-86, 94 

search  for  oospores  of  Phytophthora 28-29,86 

'  See  alto  Depth,  Disinfection,  Seed,  Storage,  etc. 

tJnger,  Franz,  onclaasificatioiiof  Phytophttorainteatanfl 25,93 

tJrea^  use  in  culture  media  for  potato-rot  fungus 60-52 

Uscbuisky's  Mlution.    See  Solutions,  syntUetic. 
Varieties,  potato,  relt'' ""  '' "' 

Ste  also  BesiBtance. 
Vt^elable  extracts.    See  Extnicts. 
Vegetablee,  cookedand  raw,  use  aamedia  for  culture  of  potato-rot  fnngns.  46-49,68,85 

SteaUo  Bean,  Muskmelon,  Potato,  Pumpkin,  etc. 

Vermont,  investigationB  of  potato  diseases 9, 10, 15^  33-42,44-64, 60-69, 74, 85 

Vessela,  aailingorBt««m,  relation  to  importation  of  potato  diseases 20 

Vigor,  relation  to  control  of  p<Jtato  rot 22,38 

Viralence,  factor  of  control  of  potato  rot 38 

Wager,  Harold,  on  ooflpore  development 66,93 

Ward,  H.  M.,  on  potato  rot ^ 

Wart,  differcntiBtion  from  other  maladies  of  the  potato 18 

Watson,  B.  M.,  on  occurrence  of  potato  blight  and  rot 22 

Watson,  T.L.,  OS  aoalyaes  of  potato  tubers 49,93 

Weather,  relation  to  nuOadies  of  the  potato II, 

13-16, 20-23, 32, 33, 37, 39, 70-73, 78,80, 84, 85 

Westrem,M.,  on  potato  diseaae  in  Norway 21,93 

Wet-rot,  name  applied  to  one  form  of  potato  rot 18,18,22 

Wheat,  control  of  stinting  smut  by  use  of  fungicide 21 

Wilson,  G .  W.  J  on  species  of  Phytophthora 25, 93 

Wilt,  differentiation  from  other  "diseases  of  the  potato 17 

Wilting,  characteristic  symptom  of  potato  malwiea 13,16,17 

Wind,  relation  to  disaeniination  of  potato  rot 40,85 

Winogradsky,  8.,  on  behavior  of  Mycoderma  in  pure  cultures 62 

Wisconsin  occurrence  of  apecies  of  Phytophthora 14, 25 

Woronin,  M.,  and  Baiy,  Anton  de,  on  cauaalparasito  of  the  potato  tot 64,88 

Wounds,  relation  to  infection  of  potato  rot 86,82 

Yield,  relation  to  methods  of  control  of  potato  rot 9-10, 32, 41-42, 86 

Zoospores,  development  of  Phytophthora  on  potato  tiqmies 26-28, 32,  M 
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THE  REUTION  OF  BARIUM  TO  THE 
LOCO-WEED  DISEASE. 


I.-A  FIELD  STUDY  ON  THE  RELATION  OF  BARIUM  TO  THE 
LOCfrWEED  DISEASE 

By  C.  DwioHT  Mabsh,  Pht»iolo(/iat,  Druff-PIant,  PoUottont-PJani,  Phv>Mogical, 
tmd  FerfMKiatUM  InvesUffoUona. 


nTTBODUCnON. 

The  work  of  Dr.  Albert  C.  Crawford,'  formerly  Phftnnacol<^3t 
in  the  Bureau  of  Plant  Industry,  Id  determining  the  presence  of 
barium  in  loco  weeds  and  hie  conclnsicHis  that,  at  Hugo,  Colo.,  at 
least',  the  inorganic  constituents,  especially  barium,  are  responsible 
for  the  symptoms  of  loco  poiscming  gave  a  logical  basis  for  experi- 
mental work  on  antidotes.  Inasmnch  as  his  work  was  carried  oat 
under  laboratory  c«iditi(ms  and  on  animals  different  from  those 
that  c(MnmonIy  suffer  from  loco  poisoning,  it  was  necessary  for  the 
confirmation  of  his  results  to  mate  feeding  eKperiments  wiUi  barimn 
OD  cattle  and  horses  under  range  conditions.  This  report  deals  with 
those  two  phases  of  the  field  work  of  1908. 

In  order  that  an  antidote  may  be  of  practical  use  it  must  be  cheap 
and  must  be  capable  of  being  administered  in  such  a  way  as  to  meet 
the  conditions  of  range  animals.  Anything  like  individQal  treat- 
ment is,  of  coarse,  impracticable.  The  question  was  naturally  raised 
whether  an  antidote  could  not  be  given  in  water  or  in  salt  In  a 
large  part  of  the  West  animals  are  watered  at  definite  placra,  and 
it  womld  he  possible  to  apply  a  cheap  antidote  through  the  water, 
if  such  an  antidote  could  be  fotmd,  and  thus  counteract  the  effects  of 
the  p<Mson ;  or,  if  it  were  possible  to  mix  the  antidote  with  salt,  it  is 
evident  that  it  could  be  so  administered. 

AaCOUNT  07  BABHTH  TAXBN  in  daily  D08B8  IV  LOCO  TEEDINa. 

In  order  to  compute  the  amount  of  antidote  necessary  it  is  im- 
portant to  have  at  least  an  approximate  idea  of  the  quantity  of  barium 
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that  an  animal  will  ^t  in  an  average  day's  feeding  of  loco.  Craw- 
ford bases  his  estimate  of  the  amount  of  barium  ingested  daily  on 
the  aasumptioD  that  the  daily  ration  of  grass  is  60  pounds.*  Other 
auib<»?  than  those  quoted  by  him  make  the  daily  ration  much  less. 
For  example,  Jordan  '  states  that  the  maint^iance  ration  of  mixed 
hay  for  bovines  is  15.5  pounds  per  day.  It  is  very  difficult  to  find 
authoritative  statements  in  regard  to  the  quantity  of  grass  eaten 
daily  by  the  average  horse  or  steer.  Jordan's  estimate  has  been 
considered  hy  the  writer  as  a  minimum  and  Crawfiwd's  as  a  maxi- 
mum, and  the  experimental  work  was  carried  out  on  the  basis  of 
both  estimates.  Using  Jordan's  estimate,  if  it  is  assumed  that  the 
grass  of  the  western  plains  weighs  twice  as  much  as  hay,  the  daily 
ratim  of  grass  is  f^Knit  30  pounds.  As  range  animals  feed  on 
comparatively  dry  grasses,  this  is  probably  an  overestimate.  It  is 
impossible  to  say  what  proportion  of  this  daily  ration  would  be  loco. 
Post-mortems  show  that  tdl  loco  eaters  take  a  large  proportion  of 
other  food.  It  is  rarely  true  that  an  animal  eats  loco  excluavely. 
Chronic  cases  gradually  eat  less  and  less  until  they  starve  to  death. 
HMtce,  the  assumption  that  half  of  the  daily  food  is  loco  would 
doubtless  be  a  large  overestimate.  On  the  ba^  of  a  daily  ration  of 
80  pounds,  aaanm^ng  that  half  of  the  food  is  loco,  an  animal  would 
eat  16  pounds,  or  about  8  kil(^rams,  of  the  weed  daily.  Crawford 
estimates*  that  12.44  per  cent  of  the  dried  plant  is  ash*  and  in  this 
ash  1  gram  has  0.0026  of  barium  sulphate. 

Asauming  that  an  animal  will  eat  as  mudi  as  8  kilograms  (17.64 
pounds)  of  loco  daily,  this  would  be  equivalent  to  a  little  over  5  kilo- 
grams (11  pounds)  of  dry  material,  inasmuch  as  loco  on  the  average 
loses  about  one-third  when  drying  in  the  air,  and  12.44  per  cent  of 
these  5  kil(^7funs  would  be  the  ash  in  the  daily  food.  Ctdliog  it  for 
the  sake  of  round  numbers'  12.S  per  cent,  the  ash  in  the  daUy  food 
would  be  about  625  grams.  Inasmuch  as  there  is  0.0026  gram  of 
barium  salts  in  1  gram  of  the  ash,  the  daily  feed  of  loco  would  con- 
tain 1.625  grams  of  barium  salts.  If,  on  the  other  hand,  Crawf<»d's 
estimate  of  the  daily  ration  is  takm  and  the  assumption  is  made  that 
en  animal  on  a  full  daily  diet  of  loco  would  get  about  10  grams  of 
barium  salts  and  if  one  assumes  that  of  this  daily  diet  half  is  loco, 
the  animal  would  then  get  5  grams  of  barium  salts  daily.  In  arrang- 
ing for  the  experiment,  therefore,  on  the  basis  of  Crawford's  analyses, 
it  appears  that  one  might  assume  that  an  animal  would  get  in  its  diet 
a  maximtmi  daily  allowance  of  barium  salts  of  2  to  6  grams. 

iCrtwfoTd,  A.  C.     Op.  dt,  p.  ti, 

■  Jordui,  W.  a.     The  FeedtOB  of  Anlmali,  2d  ed..  New  Tork,  1903,  p.  SOT. 
•Crawford,  A,  C.     Op.  oil.,  p.  75. 

'  Tbe  loco  weed  QWd  In  thsM  series  of  eiperfments  waa  ATngallu*  lambtrti,  all 
Mat  Htwo,  Colo. 
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USING  BULPHCBIC  ACID  AB  AN    ANTIDOTB.  fl 

ASTIDOTIBS  UBSD. 
Magnesium  sulphate  was  the  subetance  naturally  thought  of  as  an 
antidote,  as  it  is  a  recognized  remedy  for  barimn  poisoning,  is  easily 
obtained,  and  is  cheap.  Consequently  the  experiment  was  mainly 
in  the  use  of  this  substance.  It  was  thou^t  best  also  to  try  sul- 
phuric acid,  as  it,  too,  would  be  a  logical  antidote  and  is  cheap. 
posaiBiLiTT  OF  aiTura  avtidotss  in  salt. 

Horses  upon  the  plains  of  Colwado  eat  so  tittle  salt  that  it  is  evi- 
dent that  an  antidotal  effect  would  not  be  assured  by  miiing  Epsom 
salts  with  their  salt.  In  regard  to  cattle,  Henry  states  that  a  steer  or 
cow  takes  about  1  ounce  of  salt  daily.  An  ounce  avoirdupois  is 
equal  to  28.297  griun&  If  it  is  assumed  that  an  equal  amount  of  a 
sulphate,  like  magnesium  sulphate,  will  serve  as  an  antidote  for  the 
barium  and  an  attempt  is  made  to  furnish  an  antidote  with  the  salt 
thereshould  beadded  to  the  salt  one-fifth  of  itsweightofthesulphate. 

Epsom  salts  are  quite  distasteful  to  cattle  and  it  was  evident  from 
the  outset  that  to  make  them  eat  salt  in  whicii  was  mixed  as  much  as 
one-fifth  of  its  wei^t  of  Epsom  salts  would  be  impossible.  So  it 
was  definitely  decided  early  in  the  experiment  that  it  was  impossible 
to  administer  the  antidote  in  the  salt  Even  if  the  lower  estimate 
of  the  daily  ration  weare  used,  assuming  that  half  of  this  were  loco, 
the  animal  would  get  a  quantity  of  Iwrium  that  would  require  for 
its  neutralization  1.5  grams  of  Epscwa  salts;  or,  one-twentieth  of  the 
salt  would  have  to  be  Epsran  salts.  This  propcrtion  was  found  to  be 
impracticable. 

possiBiLrrT  ov  AjaamBTsansa  axttdoteb  uss  wateb. 

Assuming  that  an  animal  drinks  70  pounds  of  wat«r  daily,  or  35 
kilograms,  on  the  basis  of  8  kilograms  of  loco  daily  the  amount  of 
magnesium  sulphate  in  the  water  would  have  to  be  in  the  ratio  of  1 
to  19,500.  Or,  using  Crawford's  estimate  of  the  amount  that  an  ani- 
mal may  eat  daily  and  assuming  that  a  steer  gets  as  much  as  5  grams 
of  the  barium  salts,  it  follows  that  the  animal  would  have  to  receive 
about  an  equal  quantity  of  the  antidote,  and  to  obtain  this  amount 
the  ratio  of  the  ihagnesium  sulphate  to  the  water  would  be  about  as 
1  to  7,000.  It  was  found  as  a  matter  of  experiment  that  animals 
would  readily  drink  watw  containing  magnesium  sulphate  even  when 
the  proportions  wwe  quite  large.  Therefore  it  seined  to  be  practica- 
ble to  administer  the  antidote  in  this  way. 
PoasiBiLrrT  of  tisiKa  bulfhitkic  acid  as  an  axtidotb. 

If  it  is  assumed,  as  in  f<»mer  estimates,  that  an  animal  gets  1.625 
grams  of  barium  salts  daily,  the  required  antidote  would  be  about 
0.778  gram  of  sulphuric  acid.   These  figures  are  based  on  th«  «§tiinat« 
S2114'— Bull.  246—12 2  r  u  i,;o^  r,,  i^A^O^ic 
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of  a  daily  ration  of  8  kilograms  of  loco.  If  Crawford's  estimate  is 
taken,  the  animal  woald  receive  5  grams  of  barium  salts  daily.  To 
neutralize  these  salta  would  require  about  2.4  grams  of  sulphuric  acid. 
It  would  be  entirely  practicable  to  gire  this  or  even  very  much 
larger  doses  in  the  drinkiDg  water. 

AOTUAL  AKOUHT  OF  BABIU3C  IS  THE  LOCO  PLANTS  PED. 

Crawford  reports  wide  variations  in  the  published  analyses  of  loco. 
Therefore  it  seemed  important  to  have  the  loco  plants  actually  used 
analyzed  for  their  barium  content.  The  plants  fed  during  the  sum- 
mer's experiment  were  collected  fr<»n  several  localities  near  Hugo, 
Colo.  The  analyses  made  by  the  Bureau  of  Chooistry  are  shown  in 
Table  I. 

Tabids  I. — Afnount  of  barium  {a  tooo  plantg  lued  in  feeding  experlmentl. 


PlmtNo. 

Alh. 

ln«h. 

^.. 

^ 

Barlom 
tatth. 

8.ZS 

PeranL 

XL  OS 
10,78 
22.  IB 

Ptranl. 
0.093 

.128 

Is 

8.tl7 

1480 

loss 

.0889 

It  would  appear  from  Table  I  that  the  average  ash  content  of 
these  loco  plants  was  22.54  per  cwit  and  that  the  average  percentage 
of  barium  in  the  ash  was  0.0717.  Computed  in  a  form  showing  the 
amount  of  barium  salts  in  air-dried  loco,  it  is  seen  that  1  gram 
of  air-dried  loco  contains  an  equivalent  of  0.00027  gram  of 
BaSOj,  or  0.00029  gram  of  BaCl,+2H,0,  or  0.00032  gram  of 
Ba{CjHA).+HjO. 

It  was  found  as  a  matter  of  experiment  that  tm  the  average  the 
loco  plants  used  in  Hugo  lost  one-third  in  drying  in  the  air.  It 
would  appear,  therefore,  that  1  gram  of  fresh  loco  would  cmtain 
0.00018  gram  of  BaSO.,  or  0.0001&  gram  of  BaCl,+2H,0,  « 
0.00021  gram  of  Ba{CiH,0,),+H,0. 

On  the  basis  of  a  daily  ration  of  8  kilograms  of  fresh  loco  an  ani- 
mal would  get  1.44  grams  of  BaSO,,  or  1.62  grams  of  BaClj-|-2H,0, 
or  1.68  grams  of  Ba{CiH,Oj),+HjO.  If  it  ate,  according  to  Craw- 
ford, 30  kilograms  daily,  it  would  get  an  equivalent  of  5,4  grams 
of  BaSO.,  OT  5.7  grams  of  BaCl,+2HjO,  or  6.3  grams  of 
Ba(C,H,0,),-t-HiO.  It  would  appear  frcan  these  figures  that  in  the 
actual  experiment,  if  the  tower  estimate  of  the  daily  ration  of  fre^ 
loco  is  used,  the  animal  would  consume  not  over  2  grams  of  barium 
salts.  If  Crawford's  estimate  of  the  daily  ration  is  used  and  it  is 
assumed  that  half  the  daily  ration  is  loco,  the  amount  of  barium 
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salts  daily  ingested  would  be  between  8  and  4  grams.  While,  there- 
fore, the  experiment  was  started  with  considerable  uncertainty  with 
regard  to  the  actual  amount  of  barium  salts  concerned,  it  would 
appear  from  the  results  of  these  analyses  that  the  actual  course  of 
the  investigation  would  have  been  very  nearly  the  same  if  the 
amount  of  barium  in  the  loco  plants  which  were  fed  had  been  known 
at  the  beginning  of  the  season. 

ouTLims  or  expebzhents  on  AimsoTEa. 

In  (»^er  to  control  the  drinking  water,  a  well  was  sunk  in  one  of 
tiie  pastures  and  the  animals  were  held  in  such  a  way  that  all  their 
water  must  ccune  fnxn  this  well.  It  was  planned  to  pasture  a  certain 
number  of  animals  upon  loco;  to  feed  definite  amoonts  of  weighed 
loco  to  others  and  water  some  of  them  at  the  well  with  water  in 
which  magnesium  sulphate  had  been  disserved;  to  treat  the  water 
iac  others  with  sulphuric  add,  and  also  to  maintain  as  a  control  one 
or  more  animals  treated  with  unmedicated  water. 

The  estimates  of  the  amounts  of  magnesiiun  sulphate  and  of  sul- 
phuric acid  necessary  were  in  the  first  place  based  upon  the  assump- 
tion that  the  quantity  of  sulphates  in  the  water  could  be  ignored. 
Analyses,  however,  were  made  both  of  the  well  water  and  of  the 
water  in  the  creek  at  which  the  pastured  animals  were  watered  in 
order  to  find  out  the  amount  of  sulphates  in  those  waters.  The  re- 
turns from  these  analyses,  which  were  made  in  the  Bureau  of 
Chemistry,  eventually  modified  very  materially  the  amount  of  Epsom 
salts  and  sulphuric  acid  used  for  antidotal  purposes.  Hence,  in 
the  latter  part  of  the  time  during  which  the  experiment  was  con- 
ducted, the  quantities  of  magnesium  sulphate  and  sulphuric  acid  in 
the  water  were  increased  very  nearly  to  the  maximum  which  the 
animals  would  take.  Care  was  exercised,  of  course,  that  the  amount 
of  magnesium  sulphate  taken  should  not  serve  as  a  physic,  but  very 
little  trouble  was  experienced  from  this  source.  It  was  found  that 
the  animals  would  readily  drink  water  with  the  larger  quantity  of 
magnesium  sulphate  but  that  they  would  less  readily  drink  water 
which  was  made  distinctly  acid  by  sulphuric  acid.  Crawford  '■  has 
noted  the  possibility  that  alkaline  bicarbonates  in  the  stomach,  which 
may  have  been  derived  from  the  drinking  water,  might  interfere 
with  the  precipitation  of  barium  by  the  sulphates.  This  possibility 
was  recognized  in  the  Hugo  experiments,  but  it  was  assumed  that 
whatever  effect  the  alkaline  bicarbonates  might  have  would  modify 
the  solubility  in  only  a  slight  degree  and  might  be  ignored  in  a  series 
of  experiments  which  could  not  in  any  case  be  exact, 
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On  Crawford's  estimate  that  12.44  per  cent  of  dried  loco  plant  is 
ash  and  that  this  ash  has  an  equivalent  of  0.00S6  gram  of  barium 
sulphate  to  1  gram,  if  it  is  assumed  that  an  animal  eats  8  kilograms 
of  loco  daily,  the  daily  feed  of  loco  would  contain  about  1.6  grams 
of  barium  sulphate.  This  will  require  rather  more  than  an  equal 
amount  of  magnesium  sulphate  to  serve  as  an  antidote,  or,  putting 
it  in  round  numbers,  about  2  grams  of  magnesium  sulphate  would 
be  necessary  to  searve  as  an  antidote  to  Uie  barium  ingested  daily.  If, 
(m  the  other  hand,  use  is  made  of  Crawford's  estimate  that  an  animal 
CHI  a  full  daily  diet  of  looo  would  get  about  10  grams  of  barium 
salts  presumably  calculated  as  the  sulphate,  then,  on  the  assumption 
that  half  the  diet  is  loco,  it  would  get  about  6  grams  of  barium  sul- 
phate. This  would  take  sli^tly  mo^  than  5  grams  of  magnesium 
sulphate  as  an  antidote.  On  this  ba^  it  was  assumed  that  in  all 
probability  2  to  8  grams  of  magnesium  sulphate  daily  would  be 
sufficient  to  neutralize  the  probable  amount  of  barium  which  was 
taken  in  connection  wiUi  the  loco  feeding. 

The  experiments  were  c(mmienced  by  adding  10  grains  of  mag- 
nesium sulphate  to  100  liters  (105.7  quarts)  of  water.  On  the  basis 
that  each  animal  drinks  25  liters  (26.4  quarts),  this  would  give  2.5 
grams  of  the  sulphate  for  each  animal.  As  has  been  stated  before, 
however,  the  results  of  the  analysis  of  water  showed  that  the  natural 
waters  near  Hugo  contain  a  large  percentage  of  sulphates.  On  the 
assumption  that  an  animal  drinks  25  liters  of  water  daily,  it  would> 
follow  that  inasmuch  as  the  analysis  shows  that  1  liter  (1.057  quarts); 
of  the  well  water  contains  0.3876  of  SO,,  26  liters  would  c(«itain  9.e9 
grams  of  SO4.  As  9.69  grams  of  SO^  is  about  equivalent  to  25  grams 
of  magnesium  sulphate,  an  animal  drinking  well  water  would  get  the' 
equivalent  of  25  grams  of  Epsom  salts  daily;  or,  if  it  should  drink 
the  creek  water,  it  would  get  1.65  times  as  mudi.  Inasmuch  as  it 
was  known  that  animals  pasturing  in  the  neighborhood  of  the  creek 
became  locoed,  it  would  follow  that  if  the  water  contained  from  40 
to  50  grams  of  magnesium  sulphate  it  would  not  serve  as  an  antidote. 
It  was  evident  that  if  magnesium  sulphate  was  to  be  used  as  an  anti- 
dote, each  animal  must  get  something  more  than  50  grams  per  day. 
Because  of  this  fact  it  seemed  desirable  to  increase  the  magnesium 
sulphate  to  an  amount  as  great  as  tlie  animal  oould  bear  without 
injury. 

The  experiment  finally  was  cmducted  in  the  following  manner: 
From  May  25  to  June  1,  10  grams  were  used  to  100  liters  of  water; 
from  June  2  to  26,  275  grams  were  used  to  100  liters  of  water ;  from 
June  27  to  the  end  of  the  season,  300  grams  were  used  to  100  liters  of 
water.    This  last  amount  evidently  would  give  about  75  grams  to 
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«ach  uiimal,  or  including  the  quantity  in  the  viatee  each  animal 
would  get  about  100  grams  daily.  It  was  found  as  a  matter  of  experi- 
meat  that  the  animals  drank  the  water  quite  readily,  and  this  experi- 
ment was  carried  on  through  the  season  with  only  a  few  interruptions 
on  occasions  when  the  animals  managed  to  break  through  fences  and 
drink  creek  water. 

Four  animals  were  treated  in  this  way,  as  follows: 

Cow  No.  36  was  treated  frtan'May  26  to  August  19,  eating  aa  the 
average  about  6  pounds  daily  of  green  loco.  This  animal  showed 
distinct  symptoms  of  loco  poisoning  on  August  11,  and  the  experi- 
ment  was  discontinued  on  August  19. 

Sf«er  No.  6  was  fed  frtun  May  26  to  August  31,  having  a  daily 
ration  of  about  10  pounds  of  green  loca  This  animal  was  distinctly 
locoed  August  3,  and  the  expenment  was  discontinued  on  August  31. 

Cow  Xo.  84  was  fed  from  May  26  to  September  6.  She  took  <hi 
an  average  about  10  pounds  of  green  loco  daily  and  was  distinctly 
locoed  on  September  8.  This  experiment  was  discontinued  on  Sep- 
tember 5. 

Horse  No.  S7  was  an  animal  which  had  been  partially  locoed  in 
1907,  but  was  improved  at  the  end  of  that  season  and  did  not  show 
many  symptoms  of  loco  poisoning  in  the  spring  of  1908.  This  horse 
was  fed  from  May  27  to  August  12,  recaving  an  average  of  about  6 
pounds  of  green  loco  daily.  It  was  distinctly  locoed  on  July  29  and 
died  on  August  18. 

All  of  theee  animals  were  first  placed  in  the  corrals  and  starved 
for  a  day  or  two  in  order  to  induce  them  to  eat  loco.  As  soon  as  the 
habit  was  partially  formed  thsy  were  kept  in  the  pasture  by  day 
and  brought  back  into  the  corrals  at  night,  the  plan  being  to  give 
them  their  feeding  of  loco  at  night.  If  ttiey  did  not  eat  readily 
they  were  taksa  out  scanewhat  later  in  the  morning  in  ocder  to  starve 
them  into  their  doses. 

The  animals  were  watered  together,  so  that  tiie  amount  of  mag- 
nesium sulphate  taken  by  any  animal  would  depend  upon  the  quan- 
tity of  water  whidi  it  drank.  In  the  course  of  the  experiment, 
however,  they  averaged  pretty  close  to  the  eetimated  amount  of  25 
liters  daily. 

It  will  thus  be  seen  that  of  the  animals  which  were  treated  with 
magnesium  sulphate,  all  became  locoed. 

SXFEmUENTS    WrrH    STTIfBCBIC   ACro. 

Basing  the  -work  with  sulphuric  acid  on  the  same  figures  as  in  the 

case  of  magnesium  sulphate,  it  would  appear  that  an  equivalent  of 

100  grams  of  magnesium  sulphate  could  be  obtained  by  using  39 

grams  of  S0«,  or,  assuming  that  each  animal  drinks  25  lite^  daily, 
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156  grams  per  100  liters  of  water.  Inasmuch  as  the  well  water  on- 
toins  an  equivalent  of  38.76  grams  of  SO4  per  100  liters,  in  order  to 
get  the  full  equivaleot  of  100  grams  of  magnesium  sulphate  each  it 
would  be  necessary  to  add  to  the  water  117.24  grams  of  SO,,  or 
approximately  120  grams  of  sulphuric  acid  for  every  100  liters, 
'nda  would  be  tlie  equivalent  of  about  66.6  cubic  oeotinieters  of  the 
commercial  sulphuric  a<»d. 

In  starting  the  experiment  (Hi  Jmie  6  the  proportion  of  sulphuric 
acid  used  was  75  cubic  centimeters  to  100  liters  of  water.  The  ani- 
mals did  not  drink  this  proportion  readily,  so  it  was  reduced  some- 
what On  June  7,  50  cubic  centimeters  of  sulphuric  acid  was  used 
to  100  liters  of  water;  from  June  14  to  19,  40  cubic  centimeters  to 
100  liters;  from  June  20  to  July  9,  26  cubic  centimeters  to  100  liters; 
from  July  10  to  S^tember  17,  50  cubic  centimeters  to  100  liters. 
The  reduction  in  the  proportion  of  sulphuric  acid  during  the  inter- 
mediate part  of  the  experiment  was  because  most  of  the  animals 
did  not  drink  the  water  freely,  as  the  quantity  used  made  the  water 
very  distinctly  acid,  and  it  was  evidently  distasteful  to  them;  but 
as  the  season  progressed,  as  would  be  expected,  they  took  ^e  water 
more  freely,  and  it  was  found  possible  to  increase  Uie  proportim  to 
some  extent 

Five  animals  were  fed  on  measured  rations  of  loco,  as  in  the  mag- 
nesium sulphate  experiments,  and  watered  with  the  acidulated  water, 
as  follows: 

Cow  Na  31  from  June  5  to  September  17  recuved  a  daily  ration 
averaging  between  2  and  3  pounds  of  green  loco,  but  as  a  matter  of 
fact  ^e  ate  very  mudi  less,  as  she  refused  to  eat  so  large  an  amount 
of  the  weed.    She  was  not  affected  by  the  loco. 

Steer  No.  41  was  fed  from  June  4  to  September  25,  averaging 
about  6  pounds  of  green  loco  daily.  At  the  end  of  the  experimental 
period  he  was  in  good  condition,  but  showed  slight  ^mptoms  of 
loco  poisoning. 

Ball  No,  68  had  been  partially  locoed  in  1907,  but  was  in  good 
condition  in  the  spring  of  1908.  He  was  fed  from  June  4  to  Septem- 
ber 25  an  average  of  7  pounds  of  green  loco  daily.  He  drank  the 
acidulated  water  very  freely  and  became  distinctly  locoed. 

Horse  No.  56  was  fed  from  May  27  to  August  16,  receiving  an 
average  of  about  8  pounds  of  green  loco  daily.  This  animal  was 
started  on  a  mixture  of  salt  and  magnesium  sulphate,  but  when  that 
was  found  impossible,  was  put  with  the  sulphuric-acid  group  and 
received  acidulated  water  from  June  6  until  the  time  of  death.  She 
was  distinctly  locoed  on  August  6  and  died  August  25. 

Cow  No.  82  was  fed  from  May  27  to  September  25  an  average  of 
about  4  pounds  of  green  loco  duly,    ^e  was  watered  at  the  well  until 
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June  6,  and  from  that  date  received  acidulated  water.  She  did  not 
take  the  loco  with  great  freedom  and  proved  to  be  an  animal  some- 
what difficult  to  manage,  as  ^e  frequently  broke  through  the  fence 
and  drank  a  gteat  deal  of  water  at  the  creek.  She  was  not  affected  by 
loco  poisoning. 

Of  the  five  animals  which  were  fed  upon  measured  portions  of 
loco  and  watered  with  sulphuric-acid  water,  three  became  distinctly 
locoed.  If  we  disregard  cow  No,  SI,  as  could  reasonably  be  done, 
inasmuch  as  she  took  practically  no  loco,  the  result  would  be  that 
three  out  of  four  became  locoed. 

In  addition  to  the  animals  which  received  a  measured  ration  of 
loco  daily,  four  animals  were  pastured  upon  loco  and  watered  at  the 
same  time  as  the  preceding  group  upon  water  acidulated  with  sul- 
phuric acid.    These  animals  were  as  follows: 

Cow  No.  30  was  pastured  from  May  27  to  September  3,  receiving 
the  acidulated  water  from  June  18  to  the  end  of  the  season.  She 
showed  some  effect  of  loco  poisoning. 

Steer  No.  33  was  locoed  in  1907  and  cured  without  treatment  other 
than  careful  attention  to  the  food.  This  animal  was  pastured  and 
watered  as  in  the  case  of  cow  No.  30  and  became  distinctly  locoed. 

Steer  No.  42,  locoed  in  1907,  was  the  subject  of  treatment  and  was 
cfHisidered  entirely  cured.  He  was  pastured  as  in  the  case  of  the 
preceding  animals  and  watered  with  the  acidulated  water.  He 
showed  distinct  signs  of  loco  poisoning  on  July  31  and  died  on  Sep- 
tember  9. 

Horse  No.  75  was  in  good  condition  in  1907;  was  watered  with 
acidulated  water  from  June  18  to  July  19.  He  became  very  dis- 
tinctly a  loco  subject  and  was  placed  upon  magnesium-sulphate  water 
from  July  20  to  24  with  the  hope  of  getting  benefidal  results.  After 
July  24  Uie  antidote  treatment  was  discontinoed. 

As  in  the  case  of  magnesium  sulphate,  the  actual  amount  of 
sulphuric  acid  obtained  by  each  animal  varied  with  the  quantity  of 
water  it  drank.  This  quantity  varied  more  than  in  the  case  of  the 
magnesium-sulphate  group.  No.  82  drank  very  little  of  the  acidu- 
lated water.  Some  of  the  time  No.  31  drank  very  little,  so  that  the 
average  for  all  the  animals  would  be  15  to  20  liters  daily.  Taking 
out  Nos.  82  and  31,  it  is  probable  that  the  others  would  average  close 
to  the  estimated  amount  of  25  liters  daily. 
'  Of  the  four  animals  which  were  pastured  upon  loco  and  treated 
with  acidulated  water,  three  became  distinctly  locoed. 

CONTBOL  ANOUU. 

Three  animals,  as  in  the  preceding  cases,  were  fed  measured 
amoimts  of  loco  and  were  watered  with  untreated  well  water,  as  fol- 
lows. /-  I 
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St«er  No.  43  was  fed  from  May  2fi  to  September  23,  receiving  an 
average  of  5i  pounds  of  green  looo  daily.  It  showed  no  effect  of 
loco  poisoning. 

Cow  No.  91  was  fed  frcwa  May  25  to  Se|)tember  26,  receiving  an 
average  of  8  pounds  of  green  loco  daily.  She  was  distinctly  locoed 
on  September  3. 

HcHBe  No.  70  was  fed  frmn  May  27  to  August  17,  receiving  an 
avMHge  of  8  pounds  of  green  loco  daily.  She  became  locoed  <m 
August  10. 

Besides  these  animals,  four  were  pastured  and  wat^od  at  the  well, 
as  in  the  case  of  tJie  preceding  group. 

Cow  No.  90  was  pastured  from  May  27  to  Septembw  23,  receiving 
creek  water  up  to  June  18  and  well  water  from  that  time  on.  It  was 
not  locoed. 

Steer  No.  1  was  similarly  pastured  and  was  not  affected  by  loco 
poisoning. 

Horse  No.  72  was  pastured  from  May  27  to  July  23,  being  watered 
as  in  the  preceding  cases,  and  was  distinctly  locoed  Jiily  20. 

It  will  be  seen  that  of  the  seven  control  animals,  three  receiving  a 
measured  ration  of  loco  and  four  being  pastured,  three  became 
locoed.  In  other  words,  it  appears  that  the  animals  treated  with  an 
antidote  became  locoed  more  readily,  if  anything,  than  those  that 
received  no  such  ti^atment. 

SnUUABT  OF  RESULTS   IN   ANTmOTE   WOBK. 

(1)  Granted  that  barium  is  the  substance  producing  the  symptoms 
of  loco  poisoning,  the  indicated  antidotal  treatment  is  the  use  of 
the  sulphates  in  some  form.  Epsom  salts  is  the  substance  that  would 
most  naturally  be  used,  while  sulphuric  acid  would  theoretically  be 
just  as  efficient 

(2)  Theoretically,  a  daily  dose  of  2  to  6  grams  of  Epsom  salts  or 
of  not  to  exceed  2  grams  of  concentrated  sulphuric  acid  should  be 
ample  to  serve  as  an  antidote  to  the  amount  of  barium  ingested  in 
loco  feeding  upon  the  range. 

(3)  Inasmuch  as  the  natural  waters  where  the  animals  became 
locoed  contain  in  salts  an  equivalent  of  something  more  than  40 
grams  of  magnesitmi  sulphate  in  the  daily  quantity  ordinarily  drunk 
by  an  animal,  or  something  over  12  grams  of  sulphuric  acid,  it  is 
evident  that  more  than  this  proportion  must  be  used  to  be  effective 
as  an  antidote,  or  something  over  50  grams  of  magnesium  sulphate 
or  20  grams  of  sulphuric  acid. 

(4)  From  the  results  of  the  experiment  it  appears  that  neither 
magnesium  sulphate  nor  sulphuric  acid  has  any  antidotal  value  in 
counteracting  the  effects  of  loco  poisoning. 
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EXFEBIKEirrAI.  VEEDISa  WITH  BABXUH  BAITS. 

Crawford  in  his  report  *  makes  the  following  statement : 

The  main  Brmptomfl  deecrlbed  la  stocfc  on  tbe  range  can  be  reproduced  on 
tabblts  by  feeding  extracts  of  certain  loco  Dlants.  Tbose  eepeclally  referred  to 
here  ander  tlie  t^m  "loco  plants,"  are  Aitragalut  mollitsimtu  and  Aragallua 
lamberti.  •  •  *  The  inorganic  conatltuents.  especially  barium,  are  respon- 
Bfble  fOr  this  action,  at  least  In  the  plants  collected  at  Hugo,  Colo.  Perhaps  In 
other  portions  of  the  conntry  other  poisonous  principles  may  be  found.  A  close 
analogy  szlsta  betweoi  the  cllntcal  symptoms  and  pathological  flndlngs  in 
barium  poisoning  and  tbose  resulting  from  feeding  extracts  of  certain  loco 
plants.  Small  doses  of  barium  salts  may  be  administered  to  rabbits  without 
apparent  effect,  but  suddenly  acute  ^mptoms  set  In  analogous  to  what  Is 
reported  on  tbe  range. 

Inasmuch  as  these  experiments  had  been  performed  upon  rabbits, 
and  the  clinical  symptoms  of  loco  poisoning  had  been  observed  in 
detail  mainly  in  cattle,  horses,  and  sheep,  it  seemed  necessary,  in 
order  to  confirm  these  results  and  demonstrate  that  loco  poisoning 
could  be  produced  in  cattle,  hcn*ses,  and  sheep  by  barium  salts,  to 
make  the  experiment  of  feeding  barium  salts  to  a  number  of  animals 
and  to  have  a  numb^  of  control  animals  feeding  upon  loco,  making 
so  far  as  possible  the  amount  of  the  barium  in  the  two  sets  of  animals 
equal.  In  this  way  it  was  to  be  assumed  that  the  symptoms  of  loco 
poisoning  would  be  produced  in  both  sets  of  animals.  It  may  be 
not^d  that  Crawford*  states  that  a  part  of  the  barium  in  the  loco 
plants  may  not  be  taken  up  by  the  system  and  that  no  doubt  more  of 
the  pure  barium  salts  will  be  required  to  produce  symptoms  of  poison- 
ing than  would  be  necessary  in  the  case  of  the  form  of  barium  found 
in  the  plant,  on  the  assumption  that  in  the  loco  weed  the  barium  is 
better  protected  from  precipitation  than  are  the  barium  salts  when 
dissolved  in  water  alone. 

It  seemed  wise,  then,  in  making  this  experiment,  to  start  with 
amounts  of  barium  salts  as  nearly  as  possible  equivalent  to  those 
which  were  found  in  the  proportion  of  loco  weed  that  an  animal 
would  be  likely  to  eat  in  his  daily  ration.  It  was  planned  to  con- 
tinue administering  these  small  doses  until  symptoms  of  poisoning 
appeared.  In  case  these  sympttHns  did  not  appear  it  was  planned 
to  increase  gradually  the  size  of  the  dose  until  some  positive  effect 
was  produced.  Inasmuch  as  a  number  of  animals  were  at  the  same 
time  fed  upon  varying  proportions  of  loco,  it  was  possible,  with  some- 
what large  elements  of  error,  to  estimate  how  much  barium  salts 
these  uiimala  were  receiving  daily.  The  comparison  of  these  animals 
with  those  which  were  receiving  barium  salts  should  give  positive 
evidence  in  regard  to  the  identity  of  loco  poisoning  and  barium 
poisoning. 
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As  the  result  of  the  preceding  work  in  feeding  loco  to  cattle  and 
horses,  it  was  found  that  they  would  become  locoed  if  fed  daily 
from  6  to  16  pounds  of  the  green  material;  therefore,  we  may  conclude 
that  an  ayerage  daily  ration  of  12  pounds  (6  kilograms)  will  produce 
loco  poisoning.  It  was  assumed  that  the  loco  was  half  water.  On  this 
basis  the  animal  would  get  3  kilograms  (6.6  pounds)  of  dried  loco 
daily.  Using  Crawford's  figures  that  12.44  per  cent  of  the  dried 
plant  is  ash  and  that  there  is  in  each  gram  of  the  ash  0.0026  gram  of 
barium  calculated  as  the  sulphate,  it  would  follow  that  the  daily  feed 
would  contain  0.97032  gram  of  barium  sulphate,  or  1.0154  grams  of 
barium  chlorid. 

It  was  on  this  basis  that  the  experiments  were  started.  When  it 
was  found  as  a  matter  of  fact  that  the  loco  weeds  actually  used  lost 
on  the  average  one-third  on  drying,  it  followed  that  the  daily  dose 
would  be  1.354  grams  BaClj+2H,0.  As  has  been  indicated  before, 
the  results  of  chemical  analyses  of  the  loco  weeds  which  were  fed 
during  the  experiments  would  not  modify  these  figures  materially. 
Theoretically,  the  daily  administration  of  between  1  and  2  grams 
of  baritmi  chlorid  should  result  in  symptoms  of  loco  poisoning.  The 
possibility  must  be  recognized,  however,  that  many  unknown  factors 
in  the  problem  may  materially  modify  this  theoretical  determination. 

DKTAILS  OF  rHE  BXPERIMBKTS. 
FKmiRS    BABIUIC    SALTS    TO    CATTLE. 

Coiv  No.  9t. — The  experiment  with  cow  No.  92  was  begun  May  30, 
1908.  From  this  time  to  June  10  she  received  1.13  grams  of  barium 
chlorid  daily.  This  cow  would  not  readily  eat  grain,  so  the  barium 
chlorid  was  fed  in  solution  on  a  small  ration  of  alfalfa.  On  some 
days  she  may  not  have  received  the  full  dose,  as  it  is  pos^ble  that 
she  did  not  eat  all  of  the  alfalfa.  As  a  rule,  however,  most  of  the 
barium  chlorid  must  have  been  taken.  From  June  11  until  July  29 
she  was  given  1.51  grams  of  barium  chlorid  daily.  After  July  29 
the  barium  chlorid  was  given  in  bran,  as  it  was  found  possible  to 
feed  her  successfully  with  this  form  of  grain.  From  August  21  until 
September  8  she  received  10  grams  of  barium  chlorid  daily,  fed  in 
bran.  From  September  9  until  the  end  of  the  experiment  on  Sep- 
tember 26  she  received  15  grams  daily. 

Figure  1  shows  that  at  the  beginning  of  the  experiment  this  cow 
weighed  1,210  pounds,  which  increased  during  the  course  of  the  ex- 
periment to  a  maximum  of  1,245  pounds  on  June  11.  On  July  2  she 
had  fallen  to  970  pounds,  after  which  there  was  an  increase,  followed 
by  a  decrease,  and  her  final  weight  at  the  end  of  the  experiment  was 
970  pounds.     During  the  course  of  the  experiment  there  were  no 
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symptoms  of  loco  poisoning,  with  the  possible  exception  of  the  loss 
in  weight,  and  this  may  be  accounted  for  by  the  birth  of  twin  cslres 
and  the  drain  consequent  upon  nourishing  them. 

Steer  No.  4S. — From  May  80  until  June  10  steer  No.  46  was  given  a 
daily  dose  of  1.13  grams  of  barium  chlorid,  the  salt  being  fed  most  of 
the  time  in  solution 
on  alfalfa.  From 
June  11  to  July  21 
the  daily  dose  was 
1.51  grams  of  barium 
chlorid  on  alfalfa. 
On  two  or  three  days 
during  this  time  the 
steer  ate  none  or  only 
a  part  of  its  .ration, 
but  during  most  of 
the  time  it  received 
nearly  the  full  dose. 
From   July   22   until  ..    ,„ 

.  ,    ,,    -,  .    ,  PlO.  1,— Curyo  of  weight  of  cow  No.  82. 

August  11  it  was  fed 

6  grams  of  barium  chlorid  daily  on  alfalfa.    Fnxn  August  12  to  20 
the  same  dose  was  gi^-en  in  bran.    From  August  21  to  September  2 
it  was  given  20  grams  of  barium  chlorid  daily  in  bran.    From  Sep- 
tember 3  until  September  8  it  was  given  40  grams  daily  in  bran. 
From  September  9  until  September  15  it  received  50  gre,ms  daily, 
with  the  exception  of 
September    11,    when 
it    received    only    26 
grams,    and    Septem- 
ber 12  and  13,  when 
the  dose  was  omitted. 
From    September    16 
until    the    conclusion 
of  the  experiment  on 
September  26   it  re- 
ceived 60  grams  daily 
of  barium  chlorid. 

^     „     ^         .     .  ..     <  ^      .,.,..  From  the  curve  of 

Pia.  2. — Carre  of  weight  of  steer  No.  49.  ■    t  ,    rn       ^■.   -,       -n 

weight  (ng.  2)  it  will 
be  seen  that  at  the  be^nning  of  the  experiment  this  animal  weighed 
1,105  pounds.  At  the  conclusion  of  the  experiment  it  weighed  1,285 
pounds  and  was  in  good  condition  in  every  way.  No  symptoms 
appeared  showing  any  effect  from  the  barium. 

5fe«r  No.  10. — As  a  result  of  being  fed  upon  loco  in  preceding  sea- 
sons steer  No.  10  had  been  more  or  less  affected  by  the  poisoning, 
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aIUiOQ£;fa  it  was  never  considered  to  be  distinctly  locoed.  It  -was  in 
fair  condition  when  the  experiment  commenced.  From  May  30  imtil 
June  10  it  received  1.13  grame  of  barium  chlorid  daily  in  grain; 
from  June  11  until  June  29,  1.51  grams  daily;  from  June  30  mitil 
July  6,  3  grams  daily ;  frcHU  July  7  until  July  13,  6  grams  daily ; 
from  July  14  to  20,  9  grams  daily ;  from  July  21  until  July  27,  12 
grams  daily;  from  July  28  until  August  3,  15  grams  daily;  from 
August  4  until  August  10,  20  grama  daily;  from  August  11  until 
August  17,  25  grams  daily;  from  August  18  until  August  24,  30 
grams  daily.  During  the  latter  period  it  did  not  readily  eat  the  bran 
in  which  the  barium  chlorid  was  mixed,  since  it  evidently  found  so 
large  a  proportion  of  the  salt  distasteful.  From  August  25  until 
August  29  it  was  given  40  grams  daily  in  bran,  but  because  of  its 
dislike  it  did  not  eat  the  full  dose  on  any  day. 

3egiiming  with  August  30  the  barium  chlorid  was  put  in  solution 
and  administered  to  the  animal  as  a  drench  in  order  to  make  sure 
that  it  received  the  full  amount.  From  August  30  to  September  1 
the  dose  was  40  grams.  From  September  2  until  September  8  it  re- 
ceived 45  gruns  daily.  On  September  9  and  10  it  received  50  grams. 
During  the  few  days  before  this  dose  of  50  grams  the  animal  had 
appeared  to  be  in  somewhat  poor  condition.  On  September  9  it 
seemed  to  be  weak  in  its  hind  legs.  In  attempting  to  walk  up  an 
incline  it  had  great  difficulty  because  of  this  weakness.  Otherwise 
it  acted  quite  normally.  On  the  morning  of  September  10  it  was 
unable  to  use  its  hind  legs  sufficiently  to  get  up.  It  appeared  to  have 
very  little  appetite.  About  noon  it  fell  over  upon  its  side  and  died 
with  very  little  strolling.  It  should  be  noticed  that  the  weakness 
of  its  hind  legs  was  not  due  to  any  paralytic  affection.  Both  the 
motor  and  sensory  nerves  seemed  to  be  functional,  only  the  animal 
did  not  have  strength  to  use  its  limbs. 

The  autopsy  was  made  immediately.  A  number  of  ulcers  were 
found  in  the  mucous  membrane  on  the  wall  of  the  fourth  stomach 
and  the  duodenum  was  somewhat  inflamed.  The  brain  was  congested 
and  small  blood  clots  were  found  in  the  cavities.  The  heart  was  in 
^stole.  It  is  to  be  noted  that  this  animal  had  been  eating  loco  for 
three  preceding  seasons  and  the  post-mortem  appearances,  especially 
■  the  ulcers  in  the  stomach,  may  have  been  due  to  loco  poisoning 
rather  than  barium  poisoning,  although  the  barium  was  the  imme- 
diate cause  of  death.  There  were  no  symptoms  of  barium  poisoning 
preceding  the  death  of  the  animal  except  the  weakness  of  the  hind 
legs  spoken  of  and  its  generally  poor  appearance  in  the  few  days 
preceding  its  death. 

The  weight  of  this  animal  (fig.  3)  when  the  barium  treatment  was 
commenced  was  845  pounds.    Near  the  conclufflon  of  the  experiment, 
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on  September  3,  it  weighed  900  pounds.    It'  will  be  seen  that  barium 
poisoning  had  very  little  effect  in  reducing  its  wei^t 

Heifer  No.  US. — ^The  experiment  with  heifer  No.  118  was  com- 
menced on  July  21.     From  July  21  until  August  20  she  was  given 
10  grams  of  barium  chlorid  daily.    During  most  of  this  time  the 
salt  was  fed  on  alfalfa,  although  for  a  few  days  it  was  fed  in  bran. 
From  August  21  until  September  5,  20  grams  of  barium  chlorid  were 
given  daily  in  bran. 
During  several  days 
of   this    period    she 
ate   only   a   part  of 
the  dose,  the  barium 
chlorid  evidently  be- 
ing very  distasteful. 
From    September   6 
imtil  September  16, 
with    the    exception 
of  two  days  when  no  salt  was  available,  the  30-gram  dose  was  ad- 
ministered daily  as  a  drench.     From  September  17  to  24  she  received 
25  grams  daily  as  a  drench. 

At  the  beginning  of  the  experiment  this  heifer  weighed  415  pounds. 
Her  weight  (fig.  4)  increased  during  the  experiment,  and  at  the  con- 
clusion she  weighed  530  pounds;  she  showed  no  effects  whatever  of 
barium  poisoning,  unless  the  drop  in  weight  after  September  3  may 

be  attributed  to  its 
a   \  MAY  \  M^\  Mir  \Msasr  ^ornBB^ocr}9oe{    influence. 
I     ==f=  ==F^  =^T^  =f^  =f^  ^"^  Steer    Xo.    lU.— 

The  experiment  with 
steer  No.  114  was 
commenced  on  July 
21.  Until  August  6 
the  dose  was  given 
on  alfalfa,  but  after 
that  until  September 
15  in  bran.  From 
July  21  imtil  August 
20  the  animal  re-  * 
ceived  5  grams  of  barium  chlorid  daily.  From  August  21  until 
September  2  the  dose  was  increased  to  10  grama  daily.  From  Sep- 
tanber  3  until  September  8  the  dose  was  20  grains  daily.  From 
September  9  to  IS  the  dose  was  25  grams  daily.  Inasmuch  as  the 
steer  failed  to  eat  all  the  grain  because  of  its  dislike  of  the  taste  of 
barium  chlorid,  from  September  15  until  September  18  the  daily  dose 
of  25  grams  was  given  in  solution  as  a  drendi. 
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During  this  time  th^ '  animal  showed  no  symptoms  of  barium 
poisoning.  Its  weight  (fig.  5)  from  the  beginning  of  the  experi- 
ment had  increased  from  325  to  455  pounds.  After  receiving  the  dose 
of  barium  chlorid  on  the  morning  of  September  18  it  was  driven  into 
paeture  with  the  other  animals  and  appeared  entirely  well.  During 
that  day  it  was  impossible  to  keep  close  watch  upon  the  pasture,  and 
the  animal  was  not  seen  again  until  between  5  and  6  p.  m.,  when  it 

was  found  dead.  It 
had  fallen  and  died 
apparently  without  a 
struggle. 

An  autopsy  was 
made  immediately. 
The  heart  was  found 
in  systole.  The  mu- 
cous membrane  of  the 
wall  of  the  fourth 
stomach  was  found  slightly  infiamed.  The  only  noticeable  feature 
of  the  autopsy  was  a  deeply  inflamed  condition  of  tlie  small  intes- 
tine, indicating  very  sharp  irritation.  This  was  rather  striking, 
inasmuch  as  there  had  been  no  evidence  of  looseness  of  the  bowels. 
Heifer  No.  115. — Five  grams  of  barium  acetate  on  alfalfa  were 
fed  daily  to  heifer  No,  115  from  July  21  to  30.  From  July  31  until 
August  20,  with  the  exception  of  one  day  when  the  dose  was  omitted, 
she  was  given  5  grams  daily  in  bran.  From  August  21  until 
September  2  she  re- 
ceived 10  grams  of 
barium  acetate  daily 
in  bran.  From  Sep- 
tember 3  until  Sep- 
tvnber  14  she  was 
given  20  grams  of 
barium  acetate  daily 
in  bran.  During  the 
last  few  days  of  this 
series  of  ,doses  the  heifer  did  not  eat  the  bran  readily  because  of  her 
■distaste  for  the  barium  acetate,  so  from  this  time  until  the  completion 
of  the  experiment  the  barium  acetate  was  given  in  solution  as  a 
drench.  September  15  and  16  she  received  20  grams  daily,  and  from 
September  17  until  the  conclusion  of  the  experiment  on  September 
24  she  received  25  grams  daily. 

At  the  beginning  of  the  experiment  the  heifer  weighed  350  pounds, 
and  at  the  end  of  the  experiment  (fig.  6),  470  pounds.  The  barium 
administered  apparently  bad  no  effect  upon  the  animal  in  any  way, 
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Fia.  6, — Curve  of  weight  of  heifer  No.  J16. 
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either  in  reduction  of  wei^t  or  in  the  producticm  of  nervous 
Bymptoms. 

Steer  No.  116. — From  July  21  until  August  7  steer  Ko.  116  received 
daily  10  grams  of  barium  acetate  on  alfalfa.  On  August  8  the  dose 
was  omitted.  Then  the  lO-gram  dose  was  continued  until  August 
20,  being  givui  during  this  period  in  bran.  From  August  21  until 
September  2  the  dose  was  increased  to  20  grams  daily,  in  bran.  From 
September  3  to  September  8  the  dose  was  30  grams.  From  September 
9  until  September  16,  with  the  exception  of  two  days,  September  12 
and  13,  the  steer  was  given  S5  grams,  the  salt  being  administered  in 
a  drench.  On  September  16  the  dose  of  35  grama  was  given  about 
8.30  a,  m.  The  animal  thm  left  the  corrals,  went  out  into  the  pas- 
ture, and  about  10.30  a.  m.  was  found  dead  about  half  a  mile  friun 
the  corrals.  It  had  died  apparently  without  a  struggle.  There  was 
no  evidence  tha.t  it 
had  moved  even  a 
foot  after  falling  to 
the  ground. 

An  autopsy  was 
made  immediately. 
The  mucous  mem- 
brane lining  the  wall 
of  the  fourth  sttxnadi 
was  in  part  inflamed, 
with  eochymotic 
spots  at  the  pyloric 
end.  The  inner  wall 
of  the  duodenum 
was  inflamed  and  the  ileum  was  deeply  inflamed.  The  mesMiterio 
blood  vessels  in  this  case  did  not  appear  to  be  injected,  as  was  true 
in  many  other  cases. 

This  animal  weired  at  the  beginning  of  the  experiment  600  pounds 
(fig.  7).  On  September  10,  a  few  days  before  its  death,  its  weight 
was  690  pounds.  It  evidently  had  not  lost  weight  and  there  had  been 
no  symptoms  of  poisoning.  It  had  apparently  been  in  entirely  good 
health  up  to  the  morning  of  its  death. 

Calf  No.  109.— Bora.  June  29  of  cow  No.  92,  calf  Ko.  109  was  one 
of  a  pair  of  twins.  As  both  were  in  good  condition  it  was  considered 
that  this  was  a  good  case  for  barium  feeding,  as  he  could  easily  be 
compared  with  his  twin  sister,  No.  108.  From  July  22  until  August 
20,  with  the  exception  of  one  day,  when  the  dose  was  omitted,  he  was 
given  1  gram  of  barium  acetate  daily  in  a  drench.  From  August  21 
to  September  2  he  was  given  3  grams  of  barium  acetate  daily.  FrcMn 
September  3  until  September  8  the  dose  was  5  grams.  From  Septem- 
ber 9  until  September  15  he  was  given  8  grama,  September.  16,  17^ 
MS  i.AX)i^[C 
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and  18  he  received  10  grains  daily.  During  this  timd  he  had  shown 
no  symptoms  of  being  affected  by  the  poison.  After  the  dose  on  the 
morning  of  September  18  he  went  into  the  pasture  as  usual  and  was 
not  seen  again  until  in  the  afternoon,  between  5  and  6  o'clock,  when 
he  was  found  dead.  He  had  evidently  fallen  and  died  without  a 
stniggle. 

An  autopsy  was  made  on  the  morning  of  September  19.  During 
the  period  of  the  feeding,  the  calf  had  gained  weight  continuously, 
its  condition  comparing  very  favorably  with  its  twin.  In  the  au- 
topsy the  heart  was  found  in  systole.  The  inner  wall  of  the  fourth 
stomach  was  slightly  inflamed.  The  inner  wall  of  the  ileum  was 
deeply  inflamed  in  spots,  although  the  inflammation  was  not  general 
through  the  whole  length  of  the  small  intestine.  The  brain  was  ocai- 
gested,  and  the  mesenteric  blood  vessels  were  somewhat  injected. 

Figure  8  shows  the 
curve  of  weight  of 
calf  No.  109;  also 
the  curve  of  weight 
of  No.  103  for  pur- 
poses of  comparison. 
Atyute  barium  pot- 
somng  of  Heifer  No. 
99.  —  As  will  be 
brought  out  later,  it 
appeared  from  the 
preceding  experi- 
ments that  1  gram 
of   the  barium  salt 

for  about  18  pounds 
PiQ.  8.— Curves  o(  welEbU  ol  csItbb  Nos.  108  end  109,  ,        ...         ^     ,   , 

of  weight  proved  to 

be  a  Altai  dose  in  the  cases  where  the  ^limals  were  receiving  grad- 
ually increasing  doses.  It  seemed  wise  to  see  what  effect  this  amount 
of  barium  would  have  if  given  immediately  to  an  animal  without  any 
preceding  course  of  small  doees. 

Heifer  No.  99  was  a  strong,  healthy  animal,  thought  to  be  a  good 
subject  for  such  an  experiment.  On  September  20  she  was  given  22 
grams  of  barium  acetate  as  a  drench.  No  effects  were  noticed.  The 
next  day  she  was  g^ven  the  same  amount.  She  died  about  5.30  p.  m. 
Just  before  this  time  she  was  found  lying  on  her  belly,  with  her  legs 
doubled  up  under  her  and  her  head  thrown  down  on  the  ground  to 
one  side.  She  acted  as  though  in  pain,  although  she  did  not  struggle. 
Passages  from  the  bowels  covered  with  mucus  indicated  an  inflamed 
condition  of  the  intestines.  Death  occurred  a  few  minutes  after  she 
was  found  in  this  position.    At  about  2.30  p.  m.  she  had  been  noticed 
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lying  down  not  far  from  the  location  in  which  she  died,  but  ap- 
parently she  was  all  right  at  that  time. 

An  autopsy  was  made  on  the  morning  of  September  22.  It  was 
noticed  that  the  superficial  blood  vessels  of  the  heart  were  injected 
and  the  inner  walls  of  both  auricles  and  ventrides  were  deeply 
inflamed.  The  walls  of  the  second  and  fourth  stomachs  were  deeply 
inflamed,  and  the 
leaves  of  the  third 
stomach  were  infil- 
trated wiUi  inflamed 
spots,  neatiy  the 
whole  surface  being 
teddened.  The  whole 
small  intestine  was 
very  deeply  inflamed 
and  the  ciecum 
slightly  so.  It  was 
evident  that  the  ba- 
rium poisoning  had 
produced  profound  inflammation  of  the  alimentary  canal.  Appar- 
raitly  death  had  resulted  from  the  effect  upon  the  circulatory  and  res- 
piratory systems.    Figure  9  shows  the  curve  of  weight  of  the  animal. 

rSEDIKO  BABltrU    SALTB   TO    BOSSES. 

Hofte  No,  6$. — Horse  No.  62  had  been  fed  loco  in  preceding  sea- 
sons, but  had  never  shown  signs  of  being  seriously  affected  by  poison- 
ing. He  was  given 
barium  chlorid  in 
grain  from  May  30 
to  September  24. 
From  May  30  to 
June  10  he  was  fed 
1.13  grams  of  barium 
chlorid  daily;  from 
June  11  to  July  21, 
1.51  grams ;  frtHn 
Fio  io.-curveo(weiBhtofi.or«No.  62.  j^jy  22  until  Sep- 

tember 2, 10  grams;  from  September  3  until  September  8,  15  grams; 
frcHn  September  9  until  September  16,  except  on  September  12  and 
13,  20  grams;  and  from  September  17  untjl  the  conclusion  of  the 
experiment  on  September  24  he  received  30  grams  of  barium  chlorid 
daily. 

At  the  beginning  of  the  experiment  this  horsa  weighed  910  pounds, 
and  at  the  conclusion  of  the  experiment  955  pounds   (fig.  10). 
82U4'— Boll.  246—12 i 
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He  was  in  remarkabl;  good  condition  during  the  whole  summer,  bis 
coat  being  smooth  and  silliy — in  fact  there  was  no  better  looking 
horse  on  the  ranch.  There  was  no  symptom  of  any  effect  from  the 
doses  given. 

Morse  No.  61. — Horae  No.  61  had  never  been  fed  on  loco  at  the  time 
the  experiment  was  commenced.  Although  he  was  an  old  horse,  he 
was  in  thoroughly  good  condition  and  was  considered  a  good  animal 
for  such  an  experiment.  From  July  23  until  September  2  be  was  fed 
10  grams  of  barium  acetate  daily.  This  was  fed  most  of  the  time 
in  bran  or  chop,  inasmuch  as  he  ate  grain  very  freely.  The  dose  was 
omitted  during  this  period  on  only  two  days.  From  September  3 
until  September  8  he  was  fed  15  grams  of  barium  acetate  daily. 
From  September  9  until  September  16  the  dose  was  increased  to  20 
grams.  From  September  17  until  the  conclusion  of  the  experiment 
on  September  24  he  was  fed  86  grams  of  barium  acetate  daily. 

At  the  beginning  of  the  experiment  this  horse  weighed  825  pounds 
(fig.  11).     At  the  conclusion  of  the  experiment  he  weighed  8S0 

pounds.  Tlie  weight 
had  continued  pretty- 
nearly  uniform  dur- 
ing this  time.  Inas- 
much as  he  was  an 
old  animal  in  good 
condition  when  the 
experiment    started, 

„     ,,     „         ,  „  under  normal  ccMidi- 

Fia.  11.— Curve  of  weight  ot  horee  No.  81. 

tions  we  could  expect 
his  weight  to  remain  nearly  constant.  There  were  no  symptoms 
whatever  of  poisoning  and  the  animal  at  the  conclusion  of  the 
experim^it  was  in  fine  condition. 

EXFERIIiEnTAI.  WOKK   OH    BABBTTa 

It  seemed  best,  in  connection  with  the  barium  feeding,  to  make  a 
few  experiments  on  rabbits  as  a  check  on  the  work  with  other  ani- 
mals. Loco  {^Aragdllua  lamherti)  was  fed  to  six  rabbits,  Nos.  8,  7, 
8, 10, 11,  and  12.  The  plan  was  to  make  the  full  feeding  of  loco,  but 
as  the  experiment  progressed  it  was  found  that  the  rabbits  did  not 
have  sufficient  appetite  for  the  weed  to  eat  any  very  large  amount, 
although  very  little  other  food  was  supplied  them.  They  were  fed 
through  periods  varying  from  a  few  days  to  something  over  a  month. 

Rabbit  No.  8  was  fed  from  August  29  to  September  28,  the  quan- 
tity received  varying  from  100  to  200  grams  daily.  It  showed  no 
sympt<»ns  of  poisoning,  and  the  fact  that  its  weight  remained  con- 
stant showed  that  it  did  not  suffer  from  starvation. 


3vGgo^^lc 


BXPEBIKBNTAL  FEBDINO  WITH  BASIUM  BAIflS.  27 

Rdt>bit  No.  7  wss  fed  for  three  days,  when  it  died.  It  was  troubled 
with  diarrhea  and  ita  death,  was  evidently  caused  by  Bomething  else 
than  loco. 

Babbit  Ko.  8  was  fed  for  ei^t  days  but  refused  to  eat  mucii  of  iha 
loco,  and  the  ezperimoit  had  to  be  given  up  for  fear  of  starvatitm. 

Rabbit  No.  10  was  fed  100  to  200  grains  daily  from  September  4 
until  September  28.  It  showed  no  symptoms  of  loco  poisoning,  but 
exhibited  a  marked  loss  in  weight,  falling  from  about  2,300  to  1,650 
grams. 

Rabbit  Na  11  was  fed  loco  from  September  1  nntil  September  28, 
receiving  from  100  to  200  grams  daily.  It  decreased  in  weight  from 
about  1,950  to  1,750  grams,  but  showed  no  starvation  symptoms.  No 
symptoms  of  loco  poisoning  appeared. 

Rabbit  No.  12  died  after  about  four  days'  feeding,  of  acute  inflam- 
mation of  the  ctecom.    Death  was  evidently  due  to  an  acute  infection 
and    was    not    con- 
nected in  any  way 
with  loco. 

The  feeding  of 
loco  was  entirely  in- 
conclusive, and  it  is 
to  be  presumed  that 
ncHie  of  the  animals 
received  enough  of 
the  poison  to  pro- 
duce the  character- 
istic  symptoms. 

Barium  salts  were  fed  to  five  rabbits,  Nos.  1,  2,  4,  5,  and  9.  The 
salts  were  administered  in  solution  through  a  stomach  tube,  and  No. 
6  was  given  an  equaJ  dose  of  water  daily  as  a  control. 

Rabbit  No.  1  received  four  daily  doses  of  0.1  gram  of  barium 
acetate.  About  15  minutes  after  receiving  the  fourth  dose,  the  ani< 
mal  was  found  lying  with  its  hind  legs  motionless  and  moving  its 
fore  legs  but  very  little.  It  gasped,  its  respirations  and  heart  acti(Hl 
Were  very  rapid,  and  in  about  half  an  hour  after  the  administration 
of  the  dose  it  was  dead.  The  condition  of  the  hind  legs  was  not 
strictly  that  of  paralysis,  but  rather  that  of  weakness,  as  it  had  pos- 
sibilities  of  both  sensation  and  motion.  An  autopsy  was  made  im- 
mediately. The  mesenteric  blood  vessels  were  found  very  much  con- 
gested. No  other  characteristic  symptoms  of  poisoning  appeared. 
During  the  feeding  of  barium  this  rabbit  increased  in  weight  (sea 
fig.  12) ,  so  that  there  was  no  question  of  starvation. 

Rabbit  No.  2  received  six  daily  doses  of  0.1  gram  of  barium 
acetate,  but  showed  no  symptoms  of  poisoning  until  the  sixth  dose. 
This  was  administered  about  10.30  a.  m.    Immediately  after,  t^  ral>- 
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bit  fell  on  its  »de  with  apparent  ^ymptcana  of  partial  paralysis,  the 
hind  limbs  being  more  affected  than  the  fore  UmbB.  On  stimulation, 
however,  it  was  found  that  the  limbs  were  not  paralyzed.  It  gasped, 
had  violoit  convulsiona,  and  died  at  10.40.  In  the  autopsy  the  walls 
of  the  stomach  were  found  inflamed.  The  inner  wall  of  the  duode- 
num was  inflamed, 
the  mesentenc  Mood 
vessels  were  con- 
gested, and  the  spinal 
<xx&.  and  brain  were 
congested.  There 
were  blood  clots  in 
the  epidural  space  of 
the  spinal  column. 
Rabbit  No.  2  gained 
rapidly  in  weight 
during  the  period  of 
the  administration  of  barium.  Figure  13  shows  the  curve  of  weight 
during  the  experiment. 

Rabbit  No.  4  was  fed  barium  acetate  from  August  29  until  Sep- 
tember 13.  From  August  29  until  September  8  it  received  daUy 
doses  of  0.05  gram ;  after  that  0.075  gram  daily.  During  this  period 
it  gained  in  weight  from  1,566  grams  to  1,846  grama  (fig.  14)  and 
apparently  was  entirely  healthy,  showing  no  symptmns  of  poisoning. 
A  few  minutes  after 
receiving  its  dose  of 
0.075  gram  on  Sep- 
tember 13  it  was 
stretched  out  on  its 
belly,  gasping.  It 
did  not  appear  ex- 
tremely weak  and 
when  startled  would 
move  about  readily. 
It  apparently  grad- 
ually recovered  and 
w«s  put  in  the  pen. 
The  dose  was  given 
between  10  and  l0.1^ 
R.  m.;  by  10.45  it  was  found  on  its  side  in  the  pen  with  its  hind  legs 
motionless.  Respiration  was  about  120,  the  temperature  was  103.6, 
and  the  heartbeats  were  extrwnely  rapid.  At  11.35  it  was  able  'to 
kick  with  its  hind  legs,  lowing  that  thwe  was  nothing  like  «»n- 
plete  paralysis.  It  lay  upon  its  belly  with  its  head  erect  Respira- 
tion at  thk  time  was  120.    At  12  o'clocfc  on  being  stimnlated  it 
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brou^t  up  its  hiBd  logs  under  it,  sat  up,  and  jumped  off,  but  moTed 
somewhat  awkwardly  and  made  only  two  or  three  jumps.  As  it  sat 
up  it  acted  a  little  sleepy.  It  was  left  at  12.15  and  was  found  dead 
at  12.30.  In  the  autoper^  a  few  blood  dote  were  found  in  the  lungs. 
Hut  some  water  had  passed  into  the  larynx  in  the  prooees  of  dosing 
seemed  probable  and  perhaps  the  effect  of  the  barium  pois(«iing  was 
thus  complicated.  The  mesenteric  blood  vessels  were  injected,  the 
cardiac  portion  of  the  stnnach  was  inflamed  in  its  inner  wall,  and 
there  were  patches  of  extravasated  blood.  The  inner  walls  of  the 
small  intestines  -ware  inflamed.  It  was  noticed  in  this  animal,  too, 
that  the  cystic  veins 
were  injected. 

Rabbit  No.  5  was 
fed  barium  salts  from 
August  29  to  Sep- 
tember 28.  From 
August  29  to  Sep- 
tenJaer  8  it  received 
0.05  gram  of  barium 
acetate  daily;  from 
September  9  to  Sep- 
tember 17, 0.075  gram 
daily;  from  Septem- 
ber 18  until  Sep- 
tember 26,  0.1  gram 
daily.  On  Septeou- 
ber  27  it  was  given 
0.12  gram  and  on 
September  28,  0.15 
gram.  Xhiring  this 
period  it  increased 
in  weight  from  1,676 

^      _  _=_  '  Pio.  IB,— Curve  of  welsht  o(  rabbit  No,  B. 

to  2,362  grams  (6g. 

16)  and  showed  no  symptoms  of  any  effect  from  the  barium. 

Babbit  No.  9  weighed  2,076  grams.  It  was  ^ven  two  doses  of  0.2 
gram  of  barium  acetate  on  September  1  and  2.  After  the  second 
dose,  which  was  given  in  the  morning,  it  appeared  to  be  all  right,  but 
at  6  p.  m.  it  was  found  lying  on  its  side  with  its  hind  legs  extended 
and  motionless.  The  heartbeats  were  fnxn  160  to  190  per  minute. 
It  was  visited  again  at  6.45.  While  it  was  being  watched  it  developed 
convulsive  movements  of  the  head,  forelegs,  and  tail.  It  was  seen 
again  at  7.15 ;  the  convulsive  movements  were  continued.  It  died 
during  the  night.  In  the  autopsy  the  heart  was  found  in  ^stole, 
the  mesenteric  blood  vessels  were  congested,  inflamed  areas  were 
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found  in  the  walls  of  the  stcooach,  and  slight  evidence  of  inflamma- 
tion in  the  walls  of  the  duodenum.  The  brain  waa  c(»8idfirably 
congested  and  considerable  blood  was  found  in  the  epidural  space  <^ 
the  spinal  cord.    This  was  erid^itly  a  case  of  acute  barium  poisoning. 

DIBCDSBIOlf  OF  THB  IZPERUIENTAL  FEEDIKO  OF  BAKITTU. 
BBT^TION  OP  LETHAL  DOSB  TO  WEKIHT. 

In  connection  with  the  question  of  the  cumulative  effect  of  barium 
poisoning  it  is  of  interest  to  note  how  mut^  of  the  barium  salts  was 
taken  before  the  effects  of  poisoning  appeared.  In  the  rabbits 
which  died  this  varied  from  0.4  gram  to  0.925  gram,  or  in  terms  of 
ratio  to  weight  from  1 : 1,816  to  1 :  5,145.  With  the  exception  of  No. 
4,  which  was  fed  barium  acetate  from  August  29  to  September  13, 
all  the  rabbits  died  after  receiving  from  4  to  6  daily  doses.  Rabbit 
Ko.  5  received  a  total  of  2.445  grams  of  barium  acetate  in  30  daily 
doses,  receiving  1/1,031  of  its  weight  without  any  effect  whatever. 

In  the  cattle  that  succumbed  to  the  poi8<»i  the  total  amount  of 
barium  salts  received  varied  from  44  grams  in  No.  99  to  1^437  grams 
in  No.  10.  It  should  be  noted  in  this  connection  that  Xo.  10  was  the 
only  full-grown  animal  in  the  number  and  that  the  amount  which 
No.  99  received  was  given  in  two  daily  doses.  The  ratio  of  the  total 
amonnt  of  barium  salts  received  to  the  weight  in  the  fatal  cases  was 
as  foUows:  No.  10,  1:313;  No.  114,  1:367;  No.  116,  1:316;  No.  99, 
1:4,545;  No.  109,  1:344.  If  we  eliminate  the  acute  case,  Na  99, 
there  would  seem  to  be  a  fair  degree  of  uniformity  in  these  ratios, 
but  this  uniformity  disappears  when  we  compare  them  with  the 
ratio  of  those  animals  that  suffered  no  harm  from  the  administra- 
tion of  barium  salts :  No.  46, 1 :  327 ;  No.  92, 1 : 1,091 ;  No.  115,  1 :  286 ; 
No.  113,  1:258;  No.  61,  1:642;  and  No.  62,  1:768.  As  Na  115  re- 
ceived 1/286  of  its  weight  and  No.  113  received  1/258,  more  than  in 
any  of  the  fatal  cases,  it  would  appear  that  no  definite  limit  can  be 
assigned  as  the  total  which  an  animal  may  receive,  and  that,  pre- 
sumably, small  doses  might  be  taken  almost  indefinitely  without  any 
bad  effects. 

Crawford  has  discussed  the  literature  of  barium  poisoning  in 
rabbits  and  has  made  a  considerable  number  of  experiments  bearing 
upon  the  question  of  the  lethal  dose  in  these  animals;  so  it  is  not 
necessary  to  discuss  the  matter  here,  as  the  additional  experiments 
were  few  in  number.  Doses  of  0.075  to  0.1  gram  ordinarily  proved 
fatal.  The  ratio  of  dose  to  weight  which  finally  proved  fatal  varied 
from  1 : 1,029  to  1 :  23,400,  while  No.  6  received  1/16,800  of  its  wei^t 
with  no  ill  effects. 
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These  results  corresp<Hid  fairly  well  to  those  reported  by  Crawford 
and  preoeding  authors.  A  wide  limit  of  variation  is  evident.  It 
would  appear  that  doses  above  0.6  gram  in  rabbits  of  average  size 
may  give  fatal  results.  Qenerally  speaking,  rabbits  are  mu<^  more 
susceptible  to  barium  poisoning  than  are  horses  and  cattle. 

Very  little  seems  to  have  been  published  in  regard  to  the  lethal 
dose  of  barium  for  horses  and  cattle  given  per  os.  Huzard  and 
Biron  are  quot«d  by  Christison  *  as  having  killed  a  horse  in  15  days 
by  daily  doses  of  8  grams  of  BaClj,  with  no  symptmis  previous  to 
death.  Dieckerhoff'  states  that  a  doee  of  8  to  12  grams  of  BaClj 
is  dangerous  to  a  horse  and  that  a  2-yeaJH>ld  heifer  received  40  grams 
with  no  effect,    Reynolds*  killed  a  horse  with  15  grams  of  BaCl,. 

Granting  that  toleration  is  not  acquired  (and  these  experiments 
show  little  evidence  of  it),  the  lethal  dose  for  horses  and  cattle 
appears,  in  these  cases,  to  be  considerably  higher  than  the  previously 
recorded  results  would  lead  <me  to  expect.  Horse  Xo.  61  received 
35  grams  and  horse  No.  62  received  30  grams  witii  no  ill  effects.  Na 
61  averaged  about  850  pounds  in  weight  and  No.  62  about  950  pounds. 
One  received  1/12,143  of  its  wei^t  and  the  other  1/15,833  of  its 
wei^t  with  no  bad  results;  this  is  three  times  the  dose  which 
Dieckerhoff  considers  dangerous.  The  actual  lethal  dose  for  horses 
was  not  determined. 

On  the  basis  of  &  1,000-ponnd  animal  it  would  appear  from  these 
results  that  the  lethal  dose  for  cattle  is  something  over  50  grams. 
The  smallest  dose  which  produced  death  in  the  case  of  cattle  was 
at  the  rate  of  55  grams  per  1,000  pounds  of  weights  Even  this 
did  not  in  all  cases  produce  evidences  of  poisoning,  for  No.  115  re- 
ceived 62.5  grams  per  1,000  pounds  of  weight  without  any  symptoms 
of  poisoning.  In  general  it  can  be  said,  however,  that  the  danger 
limit  per  1,000  pounds  of  weight  is  reached  when  the  doee  exceeds 
about  50  grams.  With  cattle  the  ratio  of  fatal  dose  varied  from 
1 : 6,500  to  1 : 9,000,  averaging  1 : 8,232,  or,  in  other  words,  1  gram  to 
about  18  pounds  of  weight  proved  fatal  when  repeated  two  or  three 
times.  In  two  cases  only  did  cattle  receive  such  large  doses  and  live. 
No.  116  received  for  8  days  a  dose  equal  to  1/8,000  of  its  wdght 
without  any  bad  results.  No.  109  received  1/8,125  of  its  weight  for 
7  days,  Bud  only  succumbed  after  three  doses  of  1/6,500  of  its  weight 
The  experiment  would  seem  to  indicate  that  the  danger  line  lies  in 
a  dose  of  about  1/8,000  of  the  animal's  weight,  but  with  coni^iderable 
possibility  of  variation,  due  in  part,  probably,  to  the  individual 
peculiarities  of  the  animal.    It  may  succumb  to  a  dose  of  1/9,000, 

<  CbrlsMson.  B.     TrtatlM  on  PolMBt.     Baiobnrgb,  IMS,  p.  STS. 
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or  it  may  endure  a  dose  of  1/6^00  or  of  1/7,000  of  its  wei^t  There 
appears  to  be  no  appreciable  difference  in  the  toxic  effect  of  tlie  two 
salts,  barium  chlorid  and  barium  acetate. 

It  should  be  noted  that  the  animals  treated  with  bannm  salts  wwe 
watered  at  the  creek  and  thus  received  a  considerable  amount  of  sol* 
phates,  which  may  have  had  some  effect  in  neutralizing  the  barium. 
As  has  already  been  remarked,  the  amount  of  sulphates  in  tbe  creek 
water  would  make  an  equivalent  of  about  40  grams  daily  of  mag- 
nesiimi  sulphate  for  the  average  quantity  of  water  consumed  by  a 
1,000-poimd  animal.  These  sulphates  would  theoretically  neutralize 
an  equivalent  amount  of  a  barium  salt.  The  animals  treated  were 
brought  into  the  corrals  at  night  and  the  barium  salt  was  given  to 
them  in  the  morning,  or,  in  the  case  of  larger  doses,  both  at  nigfat  and 
ia  the  morning.  After  being  dosed  they  were  driven  into  the  pasture, 
where  they  immediately  went  to  feeding  and  did  not  ordinarily  go  to 
water  for  some  time.  This  gave  the  barium  a  chance  to  produce 
an  effect  before  coming  in  cwitact  with  the  sulphates.  The  ani- 
mals were  not  regular  in  their  habits  of  drinking,  however,  and  it  is 
very  possible  thai  in  some  cases  the  lack  of  effect  from  snail  doses 
may  have  been  due  in  part  to  the  sulphato  of  the  drinking  water. 
The  possibility  should  be  recognized  tliat  the  hi^  lethal  dose  may 
be  accounted  for  by  the  antidotlng  effect  of  the  water  used.  It  was 
not  practicable,  with  the  experimental  material  available,  to  feed 
barium  to  animals  watered  on  sulphate- free  water. 

While  there  is  this  possibility  of  an  effect  of  barium  neutralizaticm 
by  the  drinking  water,  it  ia  the  impression  of  the  writer  that  in  tlie 
experimental  animals  as  a  whole  the  toxicity  of  the  barium  salts  was 
modified  very  little.  This  seems  the  more  probable  when  it  is  re- 
membered that  the  lethal  dose  for  the  rabbits  at  Hugo  corresponded 
very  well  with  the  results  recorded  by  others.  The  water  used  by  the 
rabbits  contained,  per  miUion,  169.17  parts  SO,,  while  the  creek 
water  used  by  the  larger  animals  contained  637.4  parts  SO,. 

CUU17I.ATIVB    STFECT. 

There  is  a  certain  amount  of  cumulative  effect 

No.  10  succumbed  after  7  doses  of  45  grams  each  and  one  dose  of 
50  grams. 

No.  114  received  25  grams  daily  for  something  over  four  days.  It 
is  impossible  to  tell  just  how  much  tbe  steer  took  from  September  9 
to  September  14. 

No,  116  received  85  grams  daily  for  eight  days  before  succumbing. 

No.  109  received  10  grams  for  three  days. 

In  all  these  cases  the  barium  was  fed  in  gradually  increasing 
amounts,  and  it  had  beeu  found,  as  already  stated,  that  ttw  lethal  dose 
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was  ia  tbe  neighborhood  of  1  gram  to  8^32  grams  of  weight.  This 
amount  was  given  to  Ko.  99  and  it  succumbed  after  the  second  dose. 
While  there  is  a  cumulative  effect  in  large  doses,  small  doses  seem 
to  have  no  similar  result.  Possibly  the  poison  is  excreted  with  suffi- 
cirat  rapidity  to  prevent  any  toxic  effect  from  small  doses, 

TOLBRATIOIT. 

There  is  little  evidence  of  toleration  or  acquired  immunity  to 
the  effects  of  the  poison.  Xo.  10,  which  received  doses  of  barium 
for  nearly  four  months,  succumbed  to  the  same  dose  relatively  to  its 
weight  as  that  which  killed  No.  99  in  two  doses.  In  all  cases  the 
length  of  time  during  which  the  doses  were  repeated  seemed  to  have 
little  effect  in  modifying  the  lethal  dose. 

SYMPTOMS. 

Small  doses  had  no  effect  upon  the  appetite  and  gave  no  loss  of 
weight.  During  the  pmod  when  the  doses  approached  the  toxic 
limit  there  seemed  to  be  a  small  loss  of  weight  in  most  cases.  This 
loss  of  weight  was  especially  pronounced  in  sAeer  No.  10.  With 
rabbits  death  was  preceded  by  a  period  of  weakness,  when  the  hind 
legs  seined  to  be  especially  affected,  acccanpanied  by  rapid  respira- 
tion, rapid  heartbeat,  and  convulsions.  To  most  of  the  cattle  deaUi 
came  very  suddenly,  with  few  pronounced  symptwns.  In  steer  Na 
10  the  symptoms  were  more  noticeable  than  in  any  other  case;  its 
previous  loco  poisoning  may  have  had  something  to  do  with  this  con- 
dition. Generally  speaking,  with  the  cattle  small  doses  produced  ns 
symptoms,  even  when  continued  for  a  long  time.  When  the  dose 
which  was  to  prove  fatal  was  reached,  symptoms  of  weakness  and 
pain  might  be  developed,  but  in  most  cases  death  seems  to  have 
come  with  no  previous  symptoms.  Apparently  the  animal  fell  in 
its  tracks  and  died  without  much  movement. 

POST-MORTEM  APPEARANCES. 

The  post-mortem  appearances  agreed  in  general  with  those  no- 
ticed by  previous  writers  on  the  subject  of  barium  poisoning.  The 
heart  was  generally  in  systole,  the  left  ventricle  being  almost  always 
contracted  and  empty.  The  mesenteric  blood  vessels  were  injected 
and,  generally,  the  central  nervous  system  was  congested.  The  inner 
walls  of  the  stomach  and  small  intestines  were  more  or  less  in- 
flamed. The  inflammation  in  the  stomach  was  more  marked  in  the 
pyloric  end,  and  in  the  intestines  inflammation  was  more  distinct 
in  the  duodenum  and  ciecum.  The  large  intestines  were  not  affected. 
The  extent  of  the  inflammation  varied  with  the  acuteness  of  the 
poisonous  effect,  but  was  always  marked.  No  ulcers  were  noticed 
except  in  No.  10,  and  in  this  animal  they  may  have  been  due  to  pre- 
vious loco  poisoning. 
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COHPABISON  OF  LOCO  FOISONINO  WITH  BABIUK  POISONINO. 

The  symptoms  of  loco  poisoning  have  been  summarized  by  the 
writer  in  a  previous  pablication  and  may  be  briefly  stated  as  follows: 
The  first  pronounced  symptwn  is  in  the  gait,  which  is  stiff,  with  more 
or  less  evidence  of  partial  paralysis.  There  is  a  lack  of  muscular 
coordination,  which  produces  "high  stepping,"  rearing  and  jumping, 
and  stumbling.  In  drinking,  the  mouth  moves  in  a  peculiar  way, 
something  like  in  eating,  a  movement  whidi  is  more  easily  recognized 
than  described.  The  animal  is  either  dull  and  dejected  or  in  constant 
motion,  as  the  result  of  a  disorganized  nervous  system.  It  gradually 
loses  de^,  its  coat  becomes  rougli,  its  eyes  staring,  it  becomes  pro- 
foundly anffimic,  and  eventually  it  dies  of  star\'ation.  Ulcers  are 
found  on  the  inner  walls  of  the  stomach  of  horses  and  of  the  fourth 
stMnach  of' cattle  and  sheep.  The  brain  and  spinal  cord  are  hy- 
pertemic  and  a  mass  of  serous  exudate  more  or  less  coagulated  is 
formed  in  the  epidural  space  of  the  spinal  canal.  Abortion  is  com- 
mon in  locoed  animals.  It  should  be  noticed,  too,  that  these  symp- 
toms  come  on  gradually  as  a  result  of  prolonged  feeding. 

In  the  animals  subjected  to  prolonged  barium  feeding  no  pecu- 
lianties  in  walking  were  noticed,  such  as  the  stiff  gait  and  hi^  st«p< 
ping,  nor  any  evidence  of  muscular  incoordination.  With  the  ex- 
ception of  steer  No,  10,  all  the  animals  used  their  limbs  in  the  normal 
manner.  Weakness  in  the  hind  limbs  of  the  rabbits  at  the  time  when 
the  toxic  dose  was  reached,  as  in  steer  Na  10,  was  not  comparable 
with  the  paralytic  effects  in  the  locoed  animals.  There  was  no 
effect  upon  the  musdes  of  the  mouth.  The  animals  dwwed  no  dull- 
ness and  no  unusual  nervous  symptoms.  They  gained  in  weight 
during  the  prolonged  feeding  of  small  doses  or,  as  in  the  cases  of 
the  two  horses  which  were  in  fine  condition  at  the  beginning  of 
the  experiment,  held  their  own  with  no  loss.  There  was  no  loss 
in  weight  until  the  dose  was  increased  to  the  limit  which  produced 
acute  symptoms.  The  barium-fed  animals  did  not  become  anaemic. 
No  ulcers  were  found  in  the  stomach.  No  serous  exudate  collected 
in  the  spinal  canal.  The  congested  condition  of  the  central  nervous 
system,  however,  may  be  compared  with  the  hypertemia  of  the  brain 
and  cord  in  the  locoes.  Barium  is  said  fo  produce  abortion  and 
while  our  experiments  are  not  conclusive  on  this  point  we  had 
one  or  two  cases  of  abortion  in  rabbits  which  may  have  been  caused  by 
the  barium.  The  noticeable  thing  in  the  comparison  is  that  the  gen- 
eral nervous  symptoms  and  emaciation,  which  are  usually  considered 
characteristic  of  chronic  loco  poisoning  and  are  very  easily  recog- 
nized by  one  familiar  with  cattle  and  horses  in  loco-Infested  regions, 
were  entirely  absent 

There  was  not  the  slightest  evidence  that  the  barium-fed  animals 
became  ^locoed.    TUs  becomes  strikingly  evident  when  barium- fed 
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ammals  are  compared  with  those  to  which  loco  was  fed.  One  gram 
of  the  loco  weeds  whiah  were  fed  in  Hugo  during  the  season  of  1908, 
aooarding  to  the  analyses  of  the  Bureau  of  Chemistry,  contained  on 
an  averagQ  an  equivalent  of  nearly  0.0002  gram  of  barium  salts. 
Knowing  the  amount  of  loco  ted  daily,  it  is  emy  on  the  basis  of  these 
analyses  to  estimate  approximately  the  amount  of  barium  salts  re> 
cedved  by  the  ammals  to  which  loco  was  fed  in  the  corrals.  In  the 
case  of  the  corral-fed  animals  Table  II  shows  the  average  daily  feed 
of  loco,  the  approximate  amomit  of  barium  salts  contained  in  this 
ration,  and  the  length  of  time  which  elapsed  before  symptoms  of  loco 
poisoning  developed. 

Table  II. — Average  daili/  ration  of  loco,  the  approximate  aiitount  of  iarium 
lalti  contained  therein,  and  the  length  of  time  required  -to  develop  loco 
poitonine. 
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In  like  maimer,  for  purposes  of  comparison.  Table  III  shows  the 
daily  doses  of  barium  salts  fed  to  the  animals  and  the  length  of 
time  the  experiment  was  continued  during  which  no  symptoms  of 
loco  poisoning  developed. 
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In  ccnnparing  Tables  II  and  III  it  will  be  noticed  that  for  all 
the  animals  which  were  fed  weighed  rations  of  loco  in  the  corrals, 
the  amoont  of  barium  salts  received  in  the  loco  varied  from  0.5  to  1 
gram  daily  and  that  these  animals  showed  distinct  signs  of  loco 
poisoning  at  periods  varying  from  33  to  101  days.  On  the  other 
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hand,  the  animals  receiving  doses  of  barium  received  amounts  vary' 
ing  fnHn  1.13  to  60  grams  daily.  In  all  cases  the  small  dose  waa 
continued  for  a  considerable  period  of  time,  until  it  was  evident  that 
no  87mpt<HnB  would  develop.  These  animals  were  fed  for  periods 
varying  from  58  to  123  days.  The  periods  during  which  barium 
salts  were  fed  are  therefore  seen  to  be  rather  longer  than  those 
during  whidi  loco  was  fed  to  the  animals  in  Hie  corrals.  The 
total  amounts  of  barium  received  in  the  cases  of  the  barium-fed 
animals  were,  in  the  long  run,  very  much  greater  than  in  the  cases 
of  the  loco-fed  animals.  If  only  large  doses  of  barium  had  been  fed, 
it  might  be  said  that  the  cases  of  poisoning  were  all  cases  of  acute 
poisoning;  but  the  smaller  doses  were  continued  for  a  long  period 
of  time,  and  large  doses  were  administered  (mly  when  it  appeared 
certain  that  no  symptoms  of  so-called  loco  poisoning  would  develop 
and  when  it  seemed  best  to  determine  the  toxic  limit  for  a  given 
animal.  If  barium  alone  would  produce  symptoms  of  so-called  loco 
poisoning,  some  one  of  the  loog  list  of  animals  which  were  fed  dur- 
ing the  summer  should  have  developed  the  characteristic  symptoms 
of  this  disease.  In  the  light  of  these  facts  tlie  failure  in  the  experi> 
ments  of  using  sulphates  as  antidotes  for  loco  poisoning  would  seem 
to  be  partially  explained.  If  barium  were  the  cause  of  the  poison- 
ing, it  would  seem  probable  that  the  administration  of  sulphates 
would  at  least  produce  some  mitigating  effect,  even  had  it  not  served 
as  a  perfect  antidote.  The  fact  that  the  animals  which  received 
these  sulphates  were  locoed  fully  as  quickly  as  they  would  have  been 
without  the  administration  of  the  antidote  would  lead  one  to  suspect 
that  the  true  cause  of  the  symptoms  of  loco  poisoning  was  something 
other  than  barium.  Reference  may  be  made  in  this  connection  to 
C.  D.  Howard's  paper  on  "  Occurrence  of  Barium  in  the  Ohio  Valley 
Brines  and  Its  Relation  to  Stock  Raising." '  There  seems  to  be  no 
doubt  that  he  rightly  ascribes  the  deaths  of  the  animals  to  barium 
poisoning,  and  that  it  is  probable  that  deaths  of  other  animals  have 
been  caused  in  this  region  in  the  same  way.  Yet  this  is  a  part  of 
the  country  where  symptoms  like  those  seen  in  locoed  animals  are 
unknown. 

While  these  results  seem  to  indicate  clearly  that  barium  will  not 
produce  the  symptoms  of  so-called  loco  poisoning,  it  should  be  noted, 
perhaps,  that  it  does  not  by  any  means  follow  that  barium  may  npt 
be  a  factor  in  the  production  of  this  disease.  It  would  appear  that 
there  are  in  the  loco  plants  certain  properties  or  combinations  of 
properties  as  yet  undiscovered  which  will  produce  the  series  of  symp- 
toms known  as  loco  poisoning. 

*  Butlvtin  103,  Weat  Virginia  AgtEcullural  ExperEment  StatlOD,  1906. 
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(1)  Granted  that  barium  is  the  cause  of  loco  poisoning,  sulphates 
form  a  logical  antidote. 

(2)  Experimental  administration  of  magnesium  sul^^ate  and  sul- 
phuric acid  in  amounts  much  greater  than  those  necessary  to  neutral- 
ize barium  in  the  loco  eaten  htui  no  antidotal  effect. 

(3)  Experimental  feeding  of  barium  salts  produced  symptoms 
which  corresponded  in  general  to  those  recorded  in  literature  in  acute 
poisoning,  but  without  marked  cumulative  effect  or  acquired  tolera- 
tim,  whUe  the  lethal  dose  vas  higher  than  that  noticed  by  most 
obeerrers.  The  post-mortem  appearances  corresponded  to  those  re- 
corded in  acute  poisoning. 

(4)  The  symptoms  and  pathology  of  barium  poisoning  differed  in 
a  marked  degree  from  those  noted  in  loco  poisoning.  Typical  loco 
poisoning  is  not  produced  by  barium  feeding  alone. 
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II.-LABORATORY  STUDIES  ON  THE  RELATION  OF  BARIUM 
TO  THE  LOCO-WEED  DISEASE 

By  C.  L.  Alsbbbo  and  O.  F.  Black,  Chemical  BiologUt*,  Drug-Plant,  Poi»ono»ts- 
Plant,  Phytiolooical,  and  Fermentation  Jnveit^tiona. 


INTBODUCTION. 

Dr.  A.  C.  Crawford '  has  reported  the  jwesence  of  barium  in  loco 
plants  frmn  Colorado  and  has  published  a  chemical  and  pharma- 
cological study  on  which  he  bases  the  conclu^on  that  barium  is  a 
cause  of  the  loco-weed  disease.  A  conclusion  of  so  much  practical 
interest  and  importance  as  this  would  seem  to  demand  that  further 
study  be  given  to  the  action  of  barium  in  "the  loco- weed  disease.  It 
gives  rise  to  a  series  of  problems  connected  with  the  possibility  that 
plants  may,  under  certain  conditi<»is,  derive  harmful  constituents 
from  the  soil.  One  of  these  problems  is  to  determine  whether  barium 
is  also  taken  up  by  other  plants  growing  on  the  same  bariiim- 
containing  soils  as  the  loco  plants  or  whether  the  loco  plants  possess 
n  specific  selective  preference  for  barium  as  a  result  of  which  they 
alone,  of  all  the  plants  growing  under  the  same  condition  in  these 
regions,  absorb  enough  to  become  toxic.  Another  problem  is  to  in- 
vestigate whether  plants  from  other  parts  of  the  United  States  whare 
barium  occurs  as  a  mineral  also  contain  this  metal  and  if  so  wh^her 
they  also  are  toxic  The  form  in  which  barimn  occurs  in  these  plants 
and  in  their  ash  is  also  a  question  of  considerable  interest  Still 
another  problem  has  been  investigated  by  the  Bureau  of  Soils,  the 
results  of  which  show  that  barium  is  widely  distributed  in  soils.* 
Some  of  these  proUems  have  hem  studied  and  the  results  are 'pre- 
sented in  this  paper. 

OCCTTBAENCE  OX-  BABIim  Ut  VABIOUB  FLAIfTS  FBOK  COLOBADO, 

WYOHnro,  Axu  abizona. 

The  first  Step  in  this  invesUgation  was  a  search  for  barium  in  dif- 
ferent species  of  plants  from  ^e  regions  where  the  loco-weed  disease 
prevails. 

'  Criwford,  A.  C  BariolD,  «  Caaae  of  the  Loco- Weed  Dtaease.  Bolletla  120,  BnreiD 
of  PldBt  ImJuBtry,  D.  8.  Dept.o*  Agriculture,  1908. 

•  Falljnr.  Q.  B.  Buium  In  BollO.  BnlleUn  72,  BafMU  ol  SollI,  U.  B.  IMpt.  ot  Agrl- 
cnltaK,  1910. 
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The  detenninatioDB  of  barium  were  made  in  the  maimer  described 
hy  Hillebrand.'  Id  most  cases,  aa  a  maUer  of  precaution,  the  barium 
sulphate  finally  obtained  was  again  fused  and  treated  with  oxalate 
in  the  usual  way,  in  order  to  remove  truces  of  any  calcium  that  may 
have  contaminated  it  In  many  cases  the  precipitates  were  examined 
with  the  spectrosot^  for  contamination.  They  nev^:  carried  more 
than  a  trace  of  calcium.    The  results  are  given  in  Table  IV, 
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Inspection  of  Table  lY  shows  that  many  spedes  besides  loco  plants 
contain  barium  in  amounts  not  differing  greatly  frMn  those  found  in 
file  two  loco  genera,  Aragallus  or  Ozytropis  and  Astragalus.  Thus 
alfalfa  (^os.  1, 2,  a,nd  5),  Ltipinm  pueilhia  (Nos,  12  and  li), Lupirtut 

iRIllebrand,  W.  F.  AnalfaU  ot  BUlcftte  and  Cailxnuite  Bocki.  Bulletin  805,  IT.  8. 
awidlcal  Boirey,  1807,  p.  116.  . 
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(  {No.  13),  buffalo  graSB  (No.  16),  barley  (No.  17),  and  millet 
(Nok  18)  contain  barium  in  larger  or  ^nall  proporticws.  Lupitais 
paroifiorue  (Na  16),  the  grasses  Andropogon  (No;  19)  and  Cala- 
movilfa  (No.  22),  the  beet  (No.  20),  the  yucca  (No.  21),  and  tlie 
Artemisia  (Ko.  23)  contain  none.  Crawford  also  found  barium  in 
different  botanical  families.'  While  it  is  true  that  ihe  average 
barium  content  of  the  loco  plants  is  greater  than  that  of  the  other 
plants,  in  many  cases  this  difference  is  not  great.  Assuming  that  the 
barium  is  equally  toxic  wherever  found,  we  would  expect  su<^  plants 
as  alfalfa  (Na  1)  and  Lupinua  pusUlus  (No.  12)  to  be  more  toxic 
under  range  conditions  than  such  loco  weeds  as  Astragalus  thurberi 
(No.  8)  and  Astragalug  •mollissimus  (No.  9),  both  of  whidi  contain 
far  less  bariimi.  For  this  there  is,  of  course,  no  evidmice.  In  the 
laboratory,  under  certain  quite  arbitrary  methods  of  preparing  and 
feeding  the  extracts,  both  the  alfalfa  (No.  1)  and  the  Astragalua 
moUiaaimua  (Na  9)  proved  toxic,  as  may  be  seen  by  reference  to 
protocols  Nos.  5,  6,  and  11  *  discussed  in  detail  further  cm  in  this 
bulletin.  These  show  that  under  artificial  laboratory  conditions  no 
parallelism  between  barium  content  and  toxicity  was  found.  Hence, 
no  evidence  was  discovered  to  corroborate  older  observations  claim- 
ing that  barium-free  loco  plants  are  not  toxic*  Indeed,  the  loco 
poorest  in  barium  was  quite  as  toxic  in  the  laboratory  as  the  richest, 
as  shown  in  the  protocols. 

OCCnBKBHCB  OF  BABIUK  IN  PIiAlTTS  VBOU  VXBQINIA. 

As  barium  seemed  to  be  present  so  frequmtly  in  plants  occupying 
the  same  areas  in  Colorado  as  the  loco  {dants,  it  seemed  important  to 
determine  whether  plants  growing  in  other  sections  of  the  United 
States  whM«  barium  occurs  as  a  mineral  also  contain  it.  Pittsyl- 
vania, Campbell,  Bedford,  Tazewell,  Russell,  and  Fauquier  Counties 
in  Virginia  contain  deposits  of  baryta,  some  of  which  have  been 
developed  conmiercially.*  Plants  were  therefore  collected  at  Eving- 
ton  in  Campbell  County,  at  Toshes  and  Pittsville  in  FittsylvEmia 
County,  at  Gardners  in  Kussell  County,  and  at  Catlett  in  Fauquier 
County.  The  barium  determinations  from  plants  thus  ooUected -gave 
the  results  shown  in  Table  V. 

1  Crawford,  A.  C.       Op.  dt,,  p.  B4. 

■The  protocolB  are  collected  at  the  eod  of  Uila  paper,  pp.  BS  to  61. 
■Crawford,  A.  C,     Op.  Cit.,  pp.  B6-T1, 

•WaMon,  T.  L.     Oeology  of  the  VlrglDla  Barlte  Depoilta.    Transacttoiu  of  the  Ameri- 
can InMttute  at  Mlnlns  EnglDMn,  vol.  S6,  p.  110. 
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Inspection  of  Table  V  shows  that  many  of  these  plants  contain 
barium.  The  soy  bean  plants  from  Pittsvill©  and  the  hay  from 
Evington  contain  as  much  barium  as  the  loco  plants  from  Colorado 
shown  in  Table  IV,  The  soy  beans  grew  in  a  field  with  cowpeas.  The 
hay  from  this  field  was  used  year  after  year  as  fodder  without  the 
least  ill  effects.  The  field  was  several  hundred  yards  from  an  old 
baryta  working  with  a  very  small  dump,  but  contamination  from  this 
source  was  impossible.  The  hay  came  from  a  field  in  the  bottom  just 
southwest  of  the  railroad  station  at  Evington,  2  miles  from  the 
nearest  mine.  It  was  taken  from  a  bam  where  it  had  been  stored  for 
stock  feed.  Although  the  soils  on  which  these  plants  grew  contained 
barium,  no  condition  resembling  the  loco-weed  disease  is  known  to 
have  affected  live  stock  in  Virginia. 

On  the  whole,  a  study  of  Tables  IV  and  V  does  not  show  any  very 
great  selective  absorption  of  barium  by  the  loco  plants.  Obviously 
it  is  quite  impossible  to  prove  selective  absorption  by  loco  plants 
without  a  study  of  plants  growing  on  the  same  plat  Variations  in 
the  soil,  even  within  a  limited  area,  might  well  be  sufficient  to  account 
for  the  results.  It  was  possible  in  several  instances  to  examine  plants 
growing  adjacent  to  one  another.  Buffalo  grass  (No,  16),  barley 
(No.  17),  millet  (No.  18),  alfalfa  (No.  3),  and  Astragalus  mollissimus 
(No.  9)  were  all  collected  upon  the  same  kind  of  soil  less  than  one- 
quarter  of  a  mile  from  one  another.  All  of  them  contained  barium. 
It  is  curious  to  note  that  the  alfalfa  (No.  3)  and  the  Astragalus  (No. 
9)  contain  the  least,  while  the  buffalo  grass  (No.  16),  one  of  the  best 
forage  grasses  of  the  Plains,  contains  the  most.  Ilie  best  (No.  20), 
the  morning-glory  root  (No.  24),  the  jnicca  (No,  21),  and  Astragalus 
moUissimut  (No.  7)  were  also  collected  very  close  to  one  another. 
Their  barium  content  varies.  Artemisia  (No,  23)  and  the  grass 
Calamovilfa  (No.  22),  neither  of  which  contains  barium,  also  grew 
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close  together.  The  roots  were  removed  from  the  buffalo  grass  (No. 
16)  befor«  analysis  because  they  contained  soiL  Of  the  beet  (No. 
20)  and  morning-glory  (No.  24),  only  the  roots  were  analyzed.  In 
all  other  cases  the  entire  plants  were  taken  for  analysis.  Tha  baiiey 
and  the  millet,  although  in  seed,  had  not  ripened. 

It  is  possible  that  the  barium  found  in  these  plants  is  not  really 
present  within  them,  but  is  derived  from  the  earth  and  dust  which 
cling  to  their  exterior.  As  the  writers  were  compelled  to  use  plants 
gathered  by  others,  who  employed  no  special  precautions  in  collecting 
them,  it  was  necessary  to  take  particular  pains  in  the  preparation  of 
material  for  analysis.  It  is  possible,  too,  that  the  differences  in  the 
bariimi  content  are  due  to  the  different  degrees  in  which  dust  clings 
to  different  plants.  While  some  of  the  plants  studied  were  vety 
hairy  and  would  therefore  retain  much  dust,  others  were  quite  smooth 
and  teould  retain  much  less.  To  avoid  these  sources  of  error  as  far 
as  possible,  the  plants  were  carefully  cleaned  and  brushed  before 
they  were  ground  for  analysis.  It  is  not  certain  that  this  procedure 
removed  all  the  earth,  but  such  seemed  to  be  the  case.  Moreover,  only 
such  plants  were  selected  as  seemed  clean  and  free  from  soil.  It  was 
not  practicable  to  wash  the  plants,  for  this  leaches  out  salts  and  does 
not  clean  them  well.  The  carefully  cleaned  plants  were  ground  in 
a  drug  mill  and  thoroughly  sampled.  A  cc»isiderable  number  of  in- 
dividual plants  were  always  ground  up  together  in  coder  to  obtain 
as  fair  a  sample  as  possible.  While  these  precautions  may  not  have 
eliminated  the  sources  of  error,  it  does  not  seem  likely  that  the  latter 
entered  materially  into  the  results.  The  fact  that  in  some  instances 
the  soil,  as  shown  by  the  analyses  of  Prof.  G.  H.  Failyer,  of  the 
Bureau  of  Soils,  cc»itained  less  barium  than  the  ash  of  plants  growing 
upon  that  soil  is  prraumptive  evidence  that  this  metal  was  actually 
contained  in  the  plant.  Furthermore,  the  fact  that  the  separate 
analyses  of  the  leaves,  the  stems,  and  the  roots  of  Araffdllus  lamberti 
(Noe.  34, 35,  and  36)  show  the  greatest  amount  of  both  ash  and  barium 
in  the  leaves  (Table  III)  indicates  the  same  fact,  for  if  the  presence 
of  barium  were  due  to  contamination  with  soil  the  greatest  amount 
ought  to  be  in  the  root  and  the  least  in  the  leaf.  The  barium,  however, 
accompanies  the  other  salts,  and  it  is  well  known  that  as  a  rule  the 
actively  growing  leaves  of  plants  contain  greater  amounts  of  ash  than 
the  roots  and  stems.  Aragallus  is  no  exception.  These  determinations 
of  barium  in  the  leaves  also  furnish,  possibly,  an  explanation  for  the 
occasional  variations  in  ash  and  barium  content  of  the  same  species 
growing  in  the  same  locality.  The  results  obtained  for  different 
specimens  would  be  comparable  only  if  the  entire  plants  were  always 
analyzed  at  the  same  stage  of  growth.  The  samples  analyzed  were 
not  necessarily  uniform  in  this  respect.    Against  the  evidence  in 
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Table  YI  moet  be  balanced  the  observalioii  that  the  beet  (No.  20), 
which  was  free  from  barium,  was  carefully  peeled,  and  oaij  the  in- 
terior, which  had  never  be^  in  craitact  with  the  soil,  wae  taken  fw 
analysis.  The  morning-glory  root  (No.  24) ,  however,  could  not  with 
absolute  certainty  be  freed  from  soil. 

Tabli  TI. — The  Mstribiitton  of  barium  lit  Aragallua  lamberti  (Funft)  Greene. 
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With  the  plants  from  Virginia  further  precautic»is  were  possible. 
In  gathering  them  each  plant  or  tuft  of  grass  was  carefully  cut  off 
well  above  the  soil.  The  soy  beaojs  were  further  s(»ted  in  the  labora- 
tory and  only  the  clean  tops  used.  The  pods  had  formed,  but  the 
seeds  were  not  quite  ripe.  As  the  plants  were  erect  and  about  18 
inches  tall,  the  chance  that  soil  contaminated  the  tops  is  smalL  The 
hay  from  Evington  was  taken  from  a  bam. 

At  any  rate,  whatever  the  source  of  the  barium,  it  reaches  iha 
intestines  of  the  stock  browsing  upon  such  forage  plants  as  ccmtain  it, 
so  that  the  possibility  of  its  affecting  tliem  must  be  cfmsidered. 

SOLITBILFrT  OV  BABIirH  IN  LOCO  PIiAlTTa 

Some  of  the  salts  of  barium,  particularly  the  sulphate  and  silicat^ 
are  very  insoluble.  The  sulphate  is  so  insoluble  that  it  is  believed 
to  be  quite  harmless,  thou^  the  soluble  salts  of  barium  are  quite 
toxic.  Indeed,  baryta,  because  it  is  supposed  to  be  harmless  and  is 
very  white  and  very  heavy,  is  said  to  be  used  as  an  adulterant  in 
many  articles  of  commerce,  sometimes  even  in  articles  of  diet. 
Hence,  it  is  important  to  know  whether  the  barium  present  in  these 
plants  is  soluble.  We  have  not  found  it  appreciably  soluble  in  water 
in  any  dried  loco  plants  examined,  which  corroborates  some  of  the 
observations  of  Crawford.^  Following  his  procedure,  extracts  were 
prepared  by  means  of  peptic  and  tryptic  digestion.*  The  finely 
ground  plant  was  percolated  with  about  10  liters  of  water,  saturated 
with  chloroform  to  prevent  putrefaction.  The  residue  was  then 
digested  at  88°  C  for  12  to  24  hours  with  a  solution  of  pepan  in 
0.15  per  cent  hydrochloric  acid  to  which  much  toluol  and  chloroform 
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had  been  added.  The  liquid  was  filtered  off  and  added  to  the  perco- 
late; the  residue  was  digested  a  second  time  with  a  solution  of 
trypsin  in  0.2  per  cent  sodium  carbonate  containing  much  chloroform* 
and  toluol.  The  liquid  was  filtered  frwn  the  residue  and  also  added 
to  the  percolate.  The  combined  extracts  were  then  neutralized  and 
concentrated  under  diminished  pressure,  a  difficult  and  painstaking 
task  because  of  the  foaming.  The  residues  were  dried  and  pre- 
served for  analysis.  Barium  was  determined  separately  in  the  dry 
residues  and  the  concentrated  extracts.  The  results  are  given  in 
Table  VII. 
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Inspection  of  Table  YII  shows  that  the  barium  content  of  the  in- 
soluble part  of  the  plants  was  either  relatively  unchanged  or  rela- 
tively markedly  increased.  The  increase  is  due  to  the  fact  that  the 
extraction  had  removed  much  soluble  material,  concentrating  the 
barium  in  the  insoluble  residue.  There  is  one  record  in  the  literature 
of  a  barium  determination  in  a  residue  left  after  an  extraction  by 
digestion  of  this  type,*  and  in  it  no  barium  was  found.  When  one 
considers  that  at  times  in  the  exact  determination  of  such  small 
quantities  of  barium  the  precipitate  may  be  unusually  slow  in  form- 
ing, it  is  evident  that  no  great  weight  need  necessarily  be  placed  upon 
a  ^ngle  experiment.  The  writers,  particularly  in  the  beginning  of 
their  work,  had  an  occasional  misleading  determination,  as  duplicate 
analj^ses  showed.  As  is  evident  from  an  inspection  of  Table  YII, 
these  resulte  were  ccmtroUed  in  five  instances  by  analyzing  the  ex- 
tracts obtained  by  digestion.    The  extracts  were  evaporated  to  a  sirup, 
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<  Crawford,  A.  C.     Op.  cit.,  p.  67, 
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transferred  to  platinum,  and  ashed.  Barium  was  determmed  in  the 
ash  in  the  manner  recommended  by  Hillebrand.^  The  amount  of 
tiarium  was  very  small,  hardly  more  than  a  trace.  In  the  extract 
fnxn  100  grams  of  the  dry  plant  it  varied  from  a  maximum  of  0.0074 
gram  barium  sulphate  in  the  alfalfa,  to  a  minimum  of  0.0001  gram 
barium  sulphate  in  the  Astragalus  thurberi.  The  source  of  these 
traces  of  barium  is  not  quite  clear,  for  the  only  three  extracts  tested 
for  soluble  sulphates,  Astragal'us  thurheri  (Ko.  38),  AstragcJ/ua 
moUissimus  (No.  45),  and  alfalfa  (No.  37),  contained  appreciable 
amounts,  certainly  more  than  enough  to  convert  all  the  barium  into 
sulphate.  Moreover,  it  was  not  easy  to  filter  the  extracts  absolutely 
clear,  and  it  was  difficult,  owing  to  their  dark  color,  to  know  when 
they  were  clear.  The  extract  of  AragaHiis  lamberti  (No.  40)  was  fil- 
tered through  ordinary  folded  filters.  It  is  not  certain,  therefore, 
that  traces  of  precipitated  barium  sulphate  did  not  pass  through  the 
filter.  Astragalua  thurberi  (No.  38),  Astragalus  moUissiimia  (No. 
39),  and  alfalfa  (No.  37)  were  filtered  through  Schleicher  and 
Schiill  quantitative  filters  No.  590,  While  it  is  possible,  althou^ 
unlikely,  that  the  traces  of  barium  found  in  the  extracts  may  have 
been  due  to  imperfect  filtration,  there  is  another  and  more  probable 
explanation  dependent  upon  the  normal  solubility  of  barium  sulphate. 
This  salt  is  soluble  in  distilled  water  to  the  extent  of  about  2.5  milli- 
grams to  the  liter.'  As  a  number  of  liters  were  used  for  each  ex- 
traction, the  surprising  thing  is  not  that  traces  of  barium  were  found, 
but  that  there  was  so  little.  Probably  the  explanation  is  that  either 
the  small  amount  of  barium  present  in  the  air-dried  plant  occurs  in 
combination  with  silica  which  is  abundantly  present  or  that  other 
substances  in  the  solution  affect  the  solubility.  Perhaps  there  are 
traces  of  organic  compounds  of  barium.  In  this  connection  it  is  in- 
teresting to  note  that  the  alfalfa,  which  was  relatively  poor  in  a^ 
and  silica  ::nd  rich  in  calcium,  yielded  more  barium  to  the  extract 
relatively  and  absolutely  than  the  loco  plants.  These  determinations 
of  the  barium  content  of  extracts  of  air-dried  plants  are,  as  far  «s 
known  to  the  writers,  the  only  ones  recorded  in  the  literature  of  the 
subject,*  Indeed,  they  are  not  aware  that  anyone  before  them  has 
ever  tested  toxic  loco  extracts  for  barium.'  It  has,  to  be  sure,  been 
suggested  that  plants  might  be  fotmd  in  which  the  barium  is  not  ex- 
tracted by  digestion.*  The  writers  have  found  such  plants  and  no 
others.    Fresh  plants  they  have  not  examined. 

1  BlUebrind,  W.  F.     Loc.  cit. 

■FreMDlus,  C  B.     Qnantilatlve  Cbemlcal  AnalfiU,  vol.  1,  New  Xork,  1908,  p.  169. 

•Crawford.  A.  C.    Op.  clt.,  pp.  6T-68. 

•  CrawCord,  A.  C.    Op.  dt.,  p.  TO. 
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BZI^TION  OF  BABimC  TO  TOXICITT. 

All  these  observations  argue  against  the  specific  toxic  action  of 
barium  in  loco  plafttg.  The  amounts  of  barium  present  in  the  ex- 
tracts were  too  small  to  prove  fatal ;  in  fact,  they  were  hardly  more 
than  traces.  It  has,  moreover,  been  shown  that  this  metal  is  present 
in  some  insoluble  form,  probably  as  sulphate  or  ^icate.  From  the 
extract  of  200  grams  of  Aragallus  lamberti  ( Na  40)  only  0.0032  gram 
bariimn  sulphate,  corresponding  to  0,0023  gram  barium  chlorid,  was 
obtained.  Now  Crawford  has  shown  that  the  extract  obtained  from 
200  grams  of  air-dried  Astragalus  inoUiaaimus  by  digestion  is  the 
toxic  dose  for  a  rabbit  of  about  1  kilogram,'  an  observation  which 
the  writers  can  completely  corroborate.  The  toxic  dose  of  barium 
chlorid  when  given  in  one  or  two  feedings  lie^  between  0.1  and  0.2 
gram.*  The  toxic  dose  of  extracts  fed  in  this  investigation  contained 
from  one-fiftieth  to  less  than  one-hundredth  as  much  barium  as  thia 
The  death  of  rabbits  in  5  to  16  days  from  the  feeding  of  smaller 
amounts  of  barium  chlorid  (0.025  gram  daily)  has  been  reported." 
The  extracts  prepared  by  the  writers  contained  from  one-fiftieth  to 
less  than  one-tenth  of  these  small,  slowly  killing  doses.  Nevertheless, 
these  extracts  were  very  toxic,  proving  fatal  within  24  hours.  Rab- 
bits were  killed  by  feeding  extracts  of  from  200  to  250  grams  of  air- 
dried  Aatragalxis  arizonicus,  Astragalus  tkurheri,  Aragallva  lamberti. 
Astragalus  moUissimits,  and  Astragalus  mttd/us  in  a  single  dose  or 
in  two  divided  doses  separated  by  an  interval  of  24  hours,  as  may  be 
seen  by  reference  to  protocols  Nos.  1,  2,  7,  11,  and  19,  Furthermore, 
similar  extracts  of  alfalfa  were  often  fatal  in  a  like  way.  Of  four 
experiments  with  alfalfa,  ag  shown  in  protocols  Nos,  3,  5,  6,  and  8, 
fatal  results  were  recorded  three  times. 

It  will  be  seen  from  Table  VII  that  the  soy  bean  from  Vii^nia 
behaved  in  a.  similar  way  as  regards  solubility  of  its  barium.  It  did 
not  yield  more  than  traces  of  bbrium  on  extraction.  It  differed,  how- 
ever, in  not  yielding  a  toxic,  extract,  as  shown  by  protocol  No.  20. 
The  dosage  fed  was  somewhat  less  than  in  the  experiments  with  the 
loco  plant.  Moreover,  as  but  one  animal  experiment  was  performed, 
the  lack  of  toxicity  of  Virginia  plants  under  these  artificial  labora- 
tory conditions  is  not  proved  absolutely.  Barium  in  dried  Virginia 
and  Colorado  plants  is  present  in  an  insoluble  form.  If,  neverthe- 
less, it  is  a  cause  of  loco  poisoning  the  same  trouble  is  to  be  expected 
with  Virginia  cattle.  No  evidence  of  such  trouble  could  be  discov- 
ered. This  is  the  more  significant  as  Eussell  and  Tazewell  Counties, 
Va,,  are  very  successful  grazing  and  cattle-growing  districts.  Of 
course  this  is  not  concluBive.    It  is  still  possible  that  the  barium  is 
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present  in  different  combinations  in  the  different  plants.  Soch  a 
difference,  if  present,  could  hardly  be  the  result  of  a  difference  in  the 
barium  compounds  of  the  soil,  for  both  in  Virginia  and  Colorado 
the  barium  occurs  in  a  form  in  which  it  is  but  very  slightly  soluble  in 
dilute  acid.^  Moreover,  Marsh  reports  that  the  waters  in  the  r^on 
from  which  the  tested  plants  came  contain  much  sulphate,  which 
would  certainly  convert  the  barium  into  the  sulphate. 

The  possibility  that  the  barium  is  harmless  in  all  the  plants  in 
which  it  occurs  except  the  loco  plants,  because  it  is  physiologically 
antagonized  by  other  salts  or  substances  in  all  of  them  except  in  the 
loco  plants,  is  conceivable  though  not  probable.  To  test  this  possi- 
bility would  involve  a  long  research,  which  does  not  seem  worth  the 
labor  in  view  of  the  fact  that  the  toxic  extracts  obtained  in  the 
laboratory  contain  but  traces  of  barimn  and  in  view  of  the  equally 
significant  fact  that  some  alfalfa  extracts  are  under  the  same  con- 
ditions quite  as  toxic. 

TOXICITT  OT  ASH  EZTBACT8. 

As  the  extracts  contained  only  traces  of  barium  and  as  so  harmless 
a  plant  as  alfalfa  was,  under  the  extreme  conditions  of  the  labcs^- 
tory  experiments,  often  quite  as  toxic  as  loco  plants,  it  seemed  neces- 
sary to  analyze  the  toxic  action  further.  This  was  rendered  easier 
by  Crawford's  discovery  that  the  acetic-acid  extracts  of  the  ash  of 
loco  plants,  freed  from  the  excess  of  acid,  were  fatal  when  fed  to 
rabbits.*  This  experiment  was  repeated  with  the  specimen  of  alfalfa 
which  contained  almost  no  barium.  As  will  be  seen  by  reference  to 
protocol  No,  8,  the  extract  prepared  from  this  plant  by  digestion 
was  very  toxic.  In  a  sample  of  the  ash  of  600  grams  of  this  plant, 
barium  sulphate  and  calcium  oxid  were  determined,  showing  0.003 
per  cent  barium  sulphate  and  1.47  per  cent  calcium  oxid  in  the  dry 
plant.  The  remainder  of  the  ash  was  extracted  with  an  excess  of 
acetic  acid.  The  extract  was  made  up  to  a  known  volume  and  a 
portion  equivalent  to  200  grams  of  dry  alfalfa  taken.  This  was 
dried  down  «i  the  water  bath  to  remove  the  acetic  acid,  and  the 
residue  was  baked  for  half  an  hour  at  150°  C.  in  the  oven  to  remove 
any  acid  remaining.  After  cooling,  the  residue  was  suspended  in 
water.  It  was  not  completely  soluble,  probably  because  of  the  coagu- 
lation of  silicates;  perhaps,  also,  because  of  the  formation  of  basic 
salts.  The  reaction  was  slightly  alkaline.  This  milky-white  liquid, 
containing  some  insoluble  matter  In  suspension,  was  fed  to  a  rabbit 
in  two  doses,  one  in  the  forenoon  and  fflie  in  the  afternoon,  with 
fatal  results,  as  shown  in  protocol  No.  8.  The  liquid,  a  p«*tion  of 
which  was  fed  in  this  experiment,  contained  no  barium.    The  amount 
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fed  otmtained  llSi  grams  calcium  aoetate.  C(Hi8equentiy,  in  the 
experiment  11  grams  of  calcium  were  fed  in  addition  to  any  other 
soluble  salts  that  may  have  been  present  in  the  ash.  \ow,  5  grams 
of  calcium  acetate  have  been  reported  sufficient  to  kill  a  rabbit  weigh- 
ing 652  grams.*  This  the  writa«  have  been  able  to  confirm.  Rab- 
bits have  been  killed  with  corresponding  doees  of  calcimn  chlorid 
as  recorded  in  protocols  Noa.  16,  17,  and  18.  Calcdnm  chlorid  was 
Dsed  instead  of  the  acetate  because,  being  an  intn-ganic  compound, 
it  can  be  easily  dried,  so  that  the  dosage  is  easier  than  with  the 
acetate.  The  few  experiments  performed  render  it  probable  that  the 
fatal  dose  for  rabbits  lies  between  4  and  6  grams  calcium  chlorid 
per  kilogram  of  body  weight  when  this  amount  is  administered  dis- 
solved in  about  60  to  100  cubic  centimeters  of  water  in  two  equal 
doses  separated  by  an  interval  of  three  or  four  hours.  Five  grams 
calcium  chlorid  contain  as  much  calcium  as  do  7.118  grams  calcium 


Evidently  there  is  in  these  alfalfas,  under  the  laboratory  condi- 
tions in  which  the  ash  of  loco  plants  has  been  reported  toxic,*  enough 
calcium  to  kill  animals  without  considering  the  toxic  action  of  other 
salts  contained  in  the  plants,  such  as  potassium.  However,  experi- 
ments with  the  acetic-acid  extracts  of  ashed  loco  plants  did  not  yield 
the  same  results.  Though  the  extracts  were  made  in  the  same  way  as 
that  of  the  experiment  with  alfalfa  given  in  protocol  No.  8,  they 
did  not  prove  fatal,  as  appears  in  protocols  Nos.  9, 10,  and  13.  Like 
the  extract  of  the  alfalfa  ash,  they  contained  no  barium.  No  record 
that  such  extracts  have  ever  been  tested  for  barium  could  be  found. 
Their  ash  seemed  to  contain  less  calcium  and  less  soluble  matter 
generally  than  the  alfalfa  ash.  In  protocol  No.  10  the  total  amount 
of  calcium  acetate  obtained  in  the  extract  of  the  hsti  of  300  gntms 
of  air-dried  plant  was  8.5  grams,  equivalent  to  3.9-|-  grams  per  kilo- 
gram of  body  weight.  The  caldum  acetate  of  the  experiment  with 
alfalfa  ash  amounted  to  a  dosage  of  4.9  grams  per  kilogram 
of  body  weight.  The  calcium  fed  in  the  loco-ash  experiment  No. 
10  was  well  below  the  lethal  dose,  while  that  found  in  the  alfalfa- 
ash  experimHit  approached  the  lethal  limits.  The  loco  plants  a^ed 
were  such  as  yielded  toxic  extracts  by  the  digestion  m^hod.  That 
in  these  experiments,  unlike  those  previously  reported,*  the  ash  of 
these  loco  plants  failed  to  yield  fatal  extracts  may  be  due  partly 
to  the  fact  that  larger  rabbits  were  used  and  partly  to  the  fact  that 
the  extract  was  fed  in  two  doses  separated  by  an  interval  of  a  few 
hours.  Tn  the  fatal  cases  reported'  the  whole  extract  seems  usually 
to  have  been  fed  in  a  single  dose.   This  was  heroic  treatment  to  which 
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it  did  not  seem  wise  to  resort,  particularly  as  the  loco  plaota  are  sup- 
posed to  have  cumulative  action.  The  ezpaieace  of  the  writers  has 
been  that  an  amount  of  calcium  which  may  be  &tal  when  adminis- 
tered in  a  single  dose  need  not  neceeearil;  prove  so  when  adminis- 
tered in  divided  doses  at  short  intervals.  This  is  quite  in  accord 
with  the  reports  of  ezperimuits  with  the  ash  extracts.^  In  oae  case,* 
in  which  the  extract  was  fed  in  two  doses  on  two  succes^ve  days,  the 
rabbit  died  on  the  fourteenth  day.  In  another  case,  in  whidk  a  large 
rabbit  was  used,  the  extract  fr(»n  the  ash  of  200  grams  of  tiiB  plant 
did  not  prove  fatal.*  The  facts  that  the  writers  failed  to  get  fatal 
results  with  the  ash  extract  of  loco  plants,  that  they  did  get  fatal 
results  with  alfalfa-ash  extract  containing  more  salts  than  the  loco- 
ash  extracts,  that  none  of  the  ash  extracts  contained  barium,  and 
that  there  is  no  record  in  the  literature  that  they  ever  do  contain 
barium  furnish  presumptive  evidence  that  such  fatal  results  as  may 
be  obtained  in  experiments  of  this  kind  are  due  rather  to  calcium  and 
perhaps  to  other  salts  than  to  barium. 

If  this  line  of  reasoning  is  correct,  th«i  the  reason  why  in  the  past 
nontoxic  extracts  were  obtained  from  the  ash  when  the  extract  was 
made  with  dilute  sulphuric  acid  instead  of  acetic  acid  becomes  clear.* 
By  the  former  procedure  the  calcium  was  converted  into  the  in- 
soluble sulphate,  in  which  form  only  a  small  fraction  of  it  would  pass 
into  the  extract.  When  the  extract  was  then  treated  with  lead  car- 
bonate to  remove  the  excess  of  sulphuric  acid,  any  calcium  sulphate 
present  in  the  solution  would  react  thus: 

PbCO.-fCaSO.  =  PbSO.-fCaCO,. 

As  calcium  carbonate  is  very  insoluble,  practically  all  the  calcium 
would  be  removed  from  the  solution.  These  experiments  indicate 
that  the  removal  of  the  calcium  must  have  made  the  solution  harm- 
less, for  in  this  investigation  barium  was  never  found  in  the  acetic- 
acid  extracts  of  the  a^. 

It  has  been  stated*  that  the  extract  of  loco-weed  ash  made  with 
94  and  70  per  cent  alcohol  proved  toxic  to  rabbits  in  two  cases. 
While  this  experiment  was  not  repeated  in  this  inTestigati<Hi,  it  is 
worth  while  in  this  connection  to  call  attention  to  the  fact  that  many 
potassium  salts  and  also  calcium  oxid  are  fairly  soluble  in  watery 
alcohol. 

TOZICITT  or  AIiFAI^FA  EZTRACrra. 

The  toxicity  of  the  extracts  of  dry  alfalfa  is  probably  not  de- 
pendent to  so  great  an  extent  upon  the  calcium  as  is  the  case  with 
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the  ash  extracts,  for  the  extract  from  the  dry  alfalfa  plant  does  not 
contain  as  much  calciimi  as  the  acetic-acid  extract  made  from  the 
{^h.  This  was  the  case  with  the  alfalfa  used  in  protocol  No.  8, 
described  on  page  58.  As  there  shown,  the  acetio-acid  extract  of 
the  ash  contained  11.3  grams  of  calcium  acetate.  The  same  plant 
yielded  but  3  grams  of  calcium  calculated  as  acetate  in  the  extract 
prepared  by  digestion. 

The  calcium  in  the  extract  was  determined  by  incinerating  the  ex- 
tract, digesting  the  ash  with  hydrochloric  acid,  and  filtering.  To 
the  filtrate  sulphuric  acid  and  alcoliol  were  added,  and  the  calcium- 
sulphate  precipitate  was  washed  with  dilute  alcc^ol.  The  waEdied 
calcium  sulphate  was  fused  with  sodium  carbonate  and  the  melt  was 
dissolved  in  water  and  filtered.  The  residue  of  calcium  carbtmate 
was  dissolved  in  dilute  hydrochloric  acid  and  precipitated  with  am- 
monium oxalate  and  anmionia.  The  precipitate  was  filtered  off, 
washed,  and  ignited  to  constant  wei^t  over  the  blast  lamp. 

The  alfalfa  extract,  which  contained  but  3  grams  of  caldum 
calculated  as  acetate,  did  not  prove  poisonous  to  a  rabbit  weighing 
1,950  grams,  as  evid^iced  by  protocol  No.  S.  Evidently  the  calcium 
in  al&lfa  behaves  in  a  way  similar  to  that  of  the  barium  in  the  loco 
plants;  only  a  portion  is  extracted  by  digestion,  at  least  in  the  one 
case  examined.  The  alfelfa  extracts  which  proved  toxic  in  protocols 
Nos,  5  and  6  were  given  in  somewhat  larger  doeage.  Unfortunately 
their  calcimn  content  was  not  d^rmined.  It  would  seem  that  in 
these  cases  there  was  probably  a  summation  of  toxic  actions;  the 
action  of  calcium,  pota^um,  and  other  salts,  and  perhaps  the  action 
of  constituents  as  yet  unstudied.  The  improbability  of  a  physio- 
logical antagonism  between  salts  playing  a  role  has  bem  pointed  out. 
The  alfalfa  extracts  differed  from  the  loco-weed  extracts  in  contain- 
ing very  much  greater  amounts  of  organic  acids.  When  fed  to 
raU>its  they  produced  prompt  diuresis  and  sometimes  the  passage 
of  a  mediate  quantity  of  feces,  effects  not  often  noticetf  with  loco- 
weed  extracts.  Perhaps  these  effects  were  due  to  the  organic  acids 
present 

It  is  interesting  to  note  in  this  connection  that  the  nontoxic  extract 
of  the  Virginia  soy  bean  already  referred  to  differed  markedly 
from  the  extracts  of  western  plants  in  the  very  much  smaUer  amounts 
of  mat^al  extracted. 

TOXICITT  OT  LOCO-WSED  EXTRACTa 

The  toxicity  of  the  loco-weed  extracts  is  perhaps  dep«ident  upon 
different  causes,  for  the  calcium  in  the  one  case  studied  seems  to 
be  more  readUy  extracted  than  in  the  one  sample  of  alfalfa  studied. 
A  weight  of  100  grams  of  Astragalus  moUUsimm  (analysis  No.  9) 
yielded  an- extract  containing  0.8614  gram  calcium  oxid,  while  the 
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ash  from  the  same  quantity  of  plant  yielded  when  extracted  with 
acetic  acid  only  0.7864:  gram  caldum  oxid.  It  is  not  juslifiaUe  to 
generalize  from  these  two  experiments,  but  so  far  as  the  evidence 
goes  they  seem  to  show  that  whereas  in  alfalfa  mly  a  portion  of  the 
calcium  may  be  removed  by  extraction,  in  the  loco  weeds  relatively 
more  may  be  removed  in  this  way.  After  ashing,  the  reverse  seems 
to  be  file  case. 

If  it  is  justifiable  to  conclude  that  calcium  and  probably  other  salts 
play  an  important  part  in  the  toxicity  of  these  extracts  prepared  by 
digestion,  this  may  be  a  clue  to  the  reason  why  more  toxic  extracts 
are  obtained  by  digesting  with  artificial  gastric  and  pancreatic  juices.^ 
The  hydrochloric  acid  of  the  gastric  juice  would  render  soluble  the 
calcium  present  in  the  form  of  phosphate,  carbonate,  oxalate,  and 
perhaps  other  insoluble  compounds.  If  any  of  the  calcium  be  present 
in  the  form  of  the  insoluble  salts  of  organic  auds,  the  latter  mi^t 
also  pass  into  solution.  Now  some  organic  acids,  bvuAx  as  oxalic,  are 
themselves  quite  toxic  and,  if  extracted,  would  add  their  action  to 
that  of  the  other  toxic  constituents  of  the  extract.  To  test  the  influ- 
ence of  the  method  of  digestion  upon  the  calcium  content  of  the 
extract  the  writers  determined  separately  (1)  the  calcium  in  the 
water  extract,  (2)  the  calcium  in  the  extract  obtained  l^  digesting 
with  artificial  gastric  juice  the  residue  from  the  water  extraction, 
and,  finally,  (3)  the  calcium  in  the  extract  obtained  by  the  tryptic 
digesticm  of  the  residue  from  the  gastric  digestion.  The  results  were 
as  follows: 

Caloivm  oxid. 

(1)  Water  extract  of  100  xtama  Attragalta  molliMlmiis 

(M.  6.46) O.n0B 

(2)  Peptic  extract  of  the  residue  from  (1)   (lO.S  per  cent 

of  total  calcium  oxid  extracted) .1383 

(S)  Tryptic  extract  of  the  realdue  from  (2) .0026 

As  will  be  seen,  more  than  one-sixth  of  all  the  calcium  extracted 
was  removed  by  peptic  digestion.  This  is  a  quantity  large  enou^ 
to  account  for  the  greater  toxicity  of  the  extracts  obtained  by 
digestion. 

COLLOrOAI.  BABtUM  STTLFHATE. 

While  the  fact  that  by  no  metliod  of  digestion  with  an  aqneoos 
menstruum  could  extracts  containing  more  than  traces  of  barium  be 
obtained  renders  it  exceedingly  improbable  that  the  toxic  action  de- 
pended in  any  way  upon  barium,  still  it  is  conceivable  that  the  traces 
of  barium  stHnetimes  found  in  the  extracts  may  have  been  preamt  in 
some  colloidal  form  far  more  active  than  any  known  compound  of 

'Crawford,  A,  C.     Op.  cit.,  pp.  68-67. 
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buinm.  Improbable  though  this  aasumptioQ  be,  it  was  tested  by 
pteparisg  cidloidal  scdutions  of  barium  sulphate  according  to  the 
method  given  by  Feilmann.^  A  rabbit  was  fed  30  cabic  centimeters 
of  colloidal  barium-sulphate  solution  the  first  day  and  50  cubic 
centimeterB  on  each  of  the  two  succeeding  days,  6.6  grams  colloidal 
barium  sulphate  in  all,  without  any  visible  effects  (protocol  No.  21). 
While  a  singte  ezperimcat  of  this  sort  is  never  finally  couclusiTe,  in 
view  of  the  n^^tive  results  obtained  it  did  not  seem  worth  while 
carrying  this  line  of  investigation  further.  The  possibility  of  minute 
traces  of  barium  acting  in  some  occult  way  becomes  still  more  im- 
probable if  one  considers  that  the  toxic  effects  of  the  ash  extracts  are 
amply  accounted  for  by  the  other  salts  present.  Moreover,  the  ash 
extracts  did  not  contain  even  traces  of  barium.  In  the  extracts  of 
the  unashed  plants  the  cause  of  the  toxic  action  is  not  so  clear.  These 
extracts  were  very  concentrated  and  we  may  have  had  to  deal  with 
the  action  of  other  substances  besides  the  salts.  It  is  possible  that 
they  contain,  in  addititHi  to  the  salts,  some  other  toxic  factor  or  fac- 
ton.  Crawf(M*d  also  considers  it  possible  that  the  toxic  action  is  the 
resultant  of  the  action  of  the  total  constituents  of  the  plant^ 

All  this  work  and  the  greater  part  of  the  work  of  Crawford  was 
doab  with  dry  plants.  While  it  has  been  shown  that  the  dried  plants 
used  in  this  investigation  do  not  contain  appreciable  amounts  of 
barium  in  a  s<JuUe  form,  it  is  quite  possible  that  it  is  otherwise  with 
fresh  plants.  On  this  point  the  writer  have  no  evidence.  It  is,  how- 
ever, exceedingly  improbable,  for  Marsh*  was  able  to  produce  the 
loco-weed  disease  in  cattle  with  the  dried  plant  in  the  same  dosage, 
making  due  allowance  for  water  lost  in  drying,  and  in  the  same 
length  of  time  as  with  the  fresh  plant. 

BB8VLTS  or  FX.AJTT   ASALTSES  ABD  TOZICITT   EZPEBXHEVTS. 

AU  this  evidence,  viz,  the  insolubility  of  the  barium  in  dried  loco 
plants^  its  presence  in  other  species  of  Colorado  plants,  its  presence 
in  plants  frcHu  Virginia,  where  the  loco-weed  disease  is  unknown, 
and  the  presence  of  large  quantities  of  other  salt^  in  the  extract, 
merely  shows  the  inadequacy  of  the  laboratory  evidence  connecting 
barium  with  the  toxic  action  of  the  dry  plants.  These  arguments 
can  not  be  applied  to  the  conditions  of  the  range  without  further 
experimentation.  Certainly  the  calcium  and  other  salts  which  are 
so  important  a  factor  in  the  inspissated  extracts  prepared  in  the 
lab<H:atory  have  nothing  to  do  with  the  toxicity  of  these  plants  under 
range  conditions.    Moreover,  while  peptic  and  tryptic  digesticm  in 

iFtllDMliil,  B.    ColMdAl  Bulam  Snlpbtte.     Cbtmlc*!  Hewt,  toI.  98,  1908,  p.  810. 
■CMwfiHd.A.C.    Op.dt,  P.TD. 
lUanh,  C.  D.    Prlvattlr  eommonlcated. 
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vitro  does  not  lead  to  extracts  containing  more  than  traces  of  baritun^ 
cwiditions  in  the  alimentary  tract  of  cattle  may  be  quite  different. 
There  unknown  factors  may  conceivably  come  into  play  which  per- 
hapa  cause  barium  to  be  absorbed.  However  much  one  may  be  in- 
clined to  doubt  this  possibility,  without  adequate  experimental  evi- 
dence, ft  is  not  right  really  to  deny  it.  Before  attacking  this  question 
it  would  be  imptntant  to  investigate  whether  the  barium,  which,  as 
has  been  shown,  is  probably  present  in  the  plant  in  an  insoluble  form, 
is  absorbed  and  enters  into  the  metabolism  of  cattle. 

ANAIiTSBB   OF   THE   BONES   OF   liOCOED    AXraSAI& 

Two  ways  of  testing  the  problem  whether  the  barium  is  absorbed 
presented  themselves.  One  was  to  search  for  barium  in  the  urine  of 
animals  upon  a  loco-weed  diet  This  was  not  a  very  promising  line 
of  attack,  because  the  greater  part  of  any  barium  that  may  be  ab- 
sorbed is  excreted  with  the  great  bulk  of  the  calcium  in  the  feces, 
where  it  could  not  be  distinguished  from  the  unabsorbed  barium,' 
The  other  line  of  attack  was  to  analyze  the  carcasses  of  animals 
dead  from  the  loco-weed  disease.  This  the  writers  have  not  been  in 
a  position  to  do  as  completely  as  would  be  desirable.  Mendel  and 
Thacher  *  have,  however,  shown  that  the  bones  are  storehouses  of  the 
earthy  metals,  especially  strontium.  Analagous  observations  have 
been  made  by  Konig*  and  Lehnerdt.*  The  bones  from  two  of  the 
animals  experimented  upon  by  Marsh  were  accordingly  secured  and 
analyzed  for  barium,  with  absolutely  negative  results.  Unfortunately, 
the  animals  had  been  dead  for  a  year  and  their  bones  had  been 
bleaching  for  that  length  of  time  upon  the  prairie.  It  may  be  that 
the  barium  had  been  removed  by  exposure  to  the  weather,  but  in  the 
presence  of  so  much  calcium  this  Js  not  likely. 

No.  10  was  a  steer,  weighing  820  to  900  pounds,  which  had  eaten 
some  loco  but  had  never  been  distinctly  locoed.  It  had  then  received 
1,437  grams  of  barium  chlorid,  1/313  of  its  body  weight,  in  divided 
doses  from  May  30  to  September  10,  when  it  succumbed.*  Animal 
No.  55  was  a  horse  that  died  of  loco  fwisoning.'    Barium  was  searched 

■Iferer,  O.  M-  The  Ellmlimtloa  ot  Barlam.  AmeriMn  Journal  at  Phrslology,  Tot  23, 
1809,  p.  142. 

■  Uendel,  L.  B.,  and  Thncber,  H.  C.  Tbe  ExcretloQ  ol  SIrautluni.  Amerlnn  loumBl 
of  PhyBlology,  vol.  11,  1904,  p.  IB. 

■EOnlc,  J.  BntwtltattoD  dea  Kilkea  Id  den  Enochen.  Zeltschrlft  tat  Blolocie,  toI.  10, 
1ST4,  p.  QS. 

•Lehnerdt.  Ueber  den  Elnanni  dM  Strontium  a.al  die  Intnaterlne  Bntirtckltinc  dea 
KnocheniytleiDB.  MDncliencr  HedlxliilBche  Wncbeaaclirift,  vol.  B4,  lOOD,  p.  679.  (Beiicbf 
dea  Verelni  der  Aente  In  Halle,  a.  S.)  Lebnerdt.  StroDtlanifatteruilg  an  alosende 
Tlere.  UDncbener  HedUlDtacbe  WocbenKhrUt,  toL  66,  1809,  p.  16T6.  <Bertcfat  dcs 
Terelna  der  Aerate  In  Hajle,  a.  8.) 

*Tbe  tuU  blBtor;  of  tbla  anlnial  ma;  be  found  In  "The  I.oeo.Weed  Dlaea«e  of  tlw 
Plalna,"  by  C.  D.  Manb.  Bulletin  112,  Boreao  of  Animal  Indnatry,  C.  S.  Dept.  ot  Agit- 
tultnre,  1909,  and  Part  I  of  tbia  batletln,  pp.  19-21. 

•Uwab,  C  D.    Part  I  of  tbU  bulletin,  p.  14.  .-,  . 
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for  as  follows :  The  ash  from  10  grams  of  the  bones  was  fused  with 
sodium  carbonate,  the  melt  dissolved  in  water,  the  insoluble  re^due 
filtered  off  and  dissolved  in  weak  hydrochloric  acid,  and  the  clear 
solution  treated  with  a  saturated  aqueous  solution  of  calcium  snl- 
phate.  Not  even  a  trace  of  bariimi  could  be  detected.  It  is  possible, 
of  course,  that  this  method  was  not  suited  to  the  end  in  view,  but  in 
control  experiments  in  which  traces  of  barium  salts  were  added  the 
latter  were  readily  detected  by  this  method. 

DISCUBSIOH  07  BONE  ANAI.T8ES. 

If  it  be  assumed  that  the  failure  to  find  barium  in  the  boneskif  the 
locoed  animal  as  well  as  in  the  bones  of  the  animal  fed  soluble  barinm 
salts  for  months  is  reliable,  it  does  not  argue  that  barium  can  produce 
a  chronic  intoxication.  Were  the  action  of  barium  cumulative,  it  is 
likely  that  some  trace  of  barium  would  remain  in  the  bones.  This  is 
in  accord  with  Marsh's'  experiments,  in  which  he  was  unabde  to  pro- 
duce chronic  intoxication  by  feeding  barium  over  long  periods.  As 
far  as  our  incomplete  evidence  goes,  it  does  not  argue  for  a  long- 
continued  storage  of  barium  in  the  organism.*  However,  even  if 
barium  had  been  found  in  the  bones,  this  fact  would  not  prove  that 
there  was  any  connection  between  its  occurrence  there  and  loco  poison- 
ing. Thus,  if  the  methods  used  be  sufficiently  delicate,  arsenic  may 
be  found  in  many  living  things  which  never  show  symptoms  of  arsen- 
ical poisoning. 

STJiocAST  Aim  coircLusioire. 

The  etiological  factor  in  the  loco  weeds  which  is  responsible  for 
the  toxicity  of  these  plants  in  laboratory  experiments  is  not  barium. 

This  ccnclusion  is  based  upon  the  following  evidence : 

Many  kinds  of  plants  from  the  Western  States  .contain  barium  in 
amounts  that  are  of  the  same  order  of  magnitude  as  in  loco  plants. 
There  is  no  evidence  that  such  plants  injure  stock  upon  the  range. 

Many  plants  in  certain  sections  of  Virginia  contain  barium  in 
quantities  that  are  of  the  same  order  of  magnitude  as  in  loco  plants. 
There  is  no  evidence  that  such  plants  injure  stock. 

In  dried  loco  plants  barium  is  contained  in  an  almost  insoluble 
form.  Even  extracts  prepared  by  digesting  successively  with  arti- 
ficial gastric  and  pancreatic  juice  obtain  but  slight  traces.  Kever- 
theless,  in  large  doses  these  extracts  may  be  toxic 

There  are  usually  enough  salts  of  calcium,  potassium,  and  metals 
other  than  barium  in  the  extract  of  250  grams  of  dried  loco  plant, 
the  usual  toxic  dose  for  rabbits,  to  account  for  death. 

>  HiTih,  C.  D.    Part  I  of  tbli  ballettn.  p.  37. 

■Ucndcl,  I..  B.,  and  Slcher,  D.  F.  liw  BxcnUmi  ot  Bartnm.  Amerlraii  loumaJ  of 
Phrriologf ,  TOL  16,  1S06,  p.  101. 
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Similar  extracts  of  alfalfa  may  also  cause  death  of  rabbits  in 
similar  doaages. 

The  acetic-acid  extracts  of  the  ash  of  sudi  barium-yielding  plants 
from  the  Western  States  as  were  examined  contain  at  most  but 
minute  traces  of  barium. 

PBOTOCOL8. 

EXPEXIllEHT   No.    1. 

AatragMut  arUmttiau  Qraj;  type  apectmen  (Tm,  721)  deposited  tn  tiit 
economic  herbarium ;  collected  Uarcb  30,  1908,  on  IiIIIh  east  of  N<^^leB,  Aril. 
Of  tlie  air-dry  plant,  500  grama  were  gronnd  In  a  drug  mill  and  tboroaghl; 
percolated  wltli  chlorofomi  water  till  the  extract  wob  a  light  straw  color.  Tht 
uDdlBsolved  realdue  waa  digested  tot  six  hours  at  38°  to  40°  0.  wltt  artlfldal 
gaatrlc  Juice  In  tbe  presence  of  chloroform  toluol.  The  liquid  was  Altered 
od  end  after  beidg  neutralised  was  combined  with  the  percolate.  The  uodis- 
solved  residue  waa  digested  six  hours  with  trypsin  in  0.2  per  ceat  Bodtum 
cartKinate,  In  the  presence  of  chloroform  and  toluol.  This  liquid  was  aim 
neutralized  and  combined  with  the  perriolate.  The  combined  «itractB  wef» 
then  Gonceotrated  In  vacuo  to  8TD  cubic  cwtimeters  and  cartfuily  neatrallBed 
with  sodium  carbonate.    The  concentrated  extract  contained  a  precipitate  In 


January  IB,  1909.  After  stirring  so  as  to  suspoid  the  precipitate  in  it  evenly. 
40  cubic  ceodmeters  of  the  liquid  were  ted,  at  4  p.  m.,  to  a  rabbit  weighing 
1,47B  grama 

Jannarr  SO.  The  rabbit  bad  aeveK  diarrhea  and  pawed  much  nrlse  during 
the  night  At  12.20  p.  m.  it  was  fed  DO  c.  c.  of  the  liquid.  At  12.45  it  waa  dead. 
The  total  amount  fed  correqwnded  to  130  grams  of  plant.  The  autopsy  at  3.43 
p.  m.,  showed  the  stomach  dlst«ided;  its  Tesseie  were  injected,  mainly  at  the 
lesBM'  cnn'Btnre.  The  greater  part  of  the  mucous  membrane  waa  only  moder- 
ately congested;  the  congestion  was  ctm^derable  only  at  the  fundus,  No  ulcerv. 
Just  beyond  the  pylorus  the  small  intestines  were  moderat^y  congested;  other- 
wise normal,  except  atiout  the  middle  of  tbe  Ileum,  where  some  congestion  and 
several  hemorrliages  were  found.    One  hemorrhagic  spot  on  colon. 

KxFEBIUBNT  No.  2. 

Aalragaliu  thttrtieri  Gray:  type  specimen  (Tm.  SOT)  deposited  In  economic 
herbarium;  collected  at  Patagonia,  Ariz.,  April  6,  1908.  Of  the  air-dry  plant, 
600  grams  were  ground,  percolated,  and  extracted  as  in  experiment  No.  1.  The 
extracts  were  concentrated  to  a  volume  of  225  cubic  centimeters  and  made 
lightly  alluillne  with  sodium  carbonate. 

January  27,  1900.  A  male  rabbit  weighing  1,700  grams  was  fed  40  cubic  centi- 
meters of  the  extract  without  apparent  effect 

January  28.  The  rabbit  weighed  1,500  grams.  Again  fed  40  cable  craitlmetera. 
No  marked  symptoms. 

January  29.  Tbe  rabbit  wdgbed  1,448  grams.  Fed  GO  cubic  centimeteni. 
Effect  about  as  on  previous  day.    No  serloue  smnptoms. 

^  February  2.  Rabbit  weighed  1,660  grams.  The  animal  was  fed  50  cubic 
centimeters;  soon  moribund,  apparently  paralyzed,  but  reacted  to  stlmtill.  It 
died  In  00  minutes,  having  a  terminal  convulsion.  Antopsy  three  hours  after 
death  showed  Intestines  much  distended  with  gaa.  There  seemed  to  be  an 
abundant  secretion  of  Quid  In  them.  Tbe  stomach  contained  much  mncns  and 
240 
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a  few  Mmisolld  fecal  pellets.  Hncons  membrane  much  congested  at  tbe  great 
and  lees  so  at  tbe  small  cunatnre.  Pylonia  free  from  congestltn.  Boata  small 
bemorrliaKeB  In  tbe  congested  areas.    Mo  ulcers. 

EiXPEBIUEHT  No.  3. 

Of  alfalfa  collected  30  miles  aontli  of  Hugo,  Colo.,  600  grama  were  sromtd 
aQd  extracted  as  In  tbe  prerioas  experiments.  Tbe  draporatfon  of  tbe  extract 
In  vacuo  bad  to  be  abandoned  because  of  foaming.  It  was  therefore  evaporated 
on  tbe  water  batb  to  a  tbln  sirup.  Tbe  extract  was  tben  nentraUsed  witb 
sodium  carbonate.  It  was  so  acid  tbat  some  of  It  was  lost  because  of  tbe 
foaming.  It  was  warmed  on  tbe  water  batb  to  drive  off  dissolved  carbonic  add. 
The  solution  remaining  bad  a  volume  of  200  cubic  centimeters. 

F^ruary  10,  1909.  Fifty  cubic  centlmeten  were  fed  to  a  lai^e  rattblt  Tbe 
animal  soon  seemed  uncomfortable^  breatbed  rapidly,  lay  stretcbed  ont,  and 
urinated  pr<rfnsel7.  In  an  hour  Uiese  symptoms  bad  passed  off  and  tbe  animal 
seemed  normal,  tbougb  quiet. 

Febmarr  11.  Tbe  feeding  was  repeated  wltb  tbe  same  effect 

EssmatKiiT  No.  4. 

Aitroffolua  dlphi/w*  Oraj;  type  apectmen  (Tm.  907)  depoeited  In  the  eco- 
nomic bertiarlam ;  collected  10  mliea  east  of  Jerome  Junction,  Ariz.  Of  the  aii^ 
dry  plant  COO  grama  were  extracted  as  tn  experiments  Nos.  1  and  2.  'Tbe  com- 
bined extract  was  c<mcentrated  In  vacuo  to  260  cable  coitlmeters. 

February  23,  1909.  Of  tbe  concoitrated  neutralised  extract  46  cable  centi- 
meters were  fed  in  tbe  afternoon  to  a  large  rabbit. 

February  24.  A  Ube  amoont  fed  In  tbe  foroiooD.  T^  rabbit  seemed  totae- 
wbat  prostrated.  A  tbin)  similar  dose  fed  In  tbe  aftenuNm.  Deatb  in  90 
minutea.    No  aatopay. 

EXPEBIMEKT  No.  S. 

An  extract  of  600  grams  of  alfalfo,  collected  SO  mllee  sontb  of  Rngo,  Golo., 
was  prepared  as  In  experiment  No.  8.  Abont  balf  of  tbe  resulting  slrap  was 
fed  Augnet  30,  1909,  to  a  rabbit  weighing  1,S^  grams.  The  animal  urinated 
much  and  passed  some  fecea    It  died  In  3}  hours.    No  autopsy. 

BxpEaiUEiTT  No.  6. 

September  1,  1909.  A  rabbit  welgblnir  L8S0  grama  was  fed  60  cable  centi- 
meters of  tbe  extract  used  in  experiment  No.  6.  It  urinated,  passed  some  feces, 
and  wHB  dead  In  23  hours.  On  autopsy  the  intestines  were  fonnd  almost  empty. 
The  stomach  was  much  Injected ;  at  the  fundus  Its  mucous  membrane  was  con- 
gested and  Jnflamed  and  showed  two  small  ulcers;  the  pyloric  eoi  was  free 
and  pale.    Heart  not  dilated;  full  of  dot  on  both  sides. 

ExPEUUEnT  No.  7. 

An  extract  was  made  from  600  grams  of  Araeallut  lambeiti  (Purab)  Greene 
(collection  No.  8.96)  from  Hugo,  Colo.  Tbe  extract  was  neutralised  and  con- 
centrated In  vacuo  to  150  cubic  cendmeters.  On  July  26.  1909,  90  cable  cent!- 
met^a  w«e  fed  to  a  rabbit  weighing  1,486  grama  Death  In  two  hours.  The 
remaining  60  cubic  centlmetws  were  analysed  and  yielded  imly  0.0031  gram 
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barimD  8ulpliat&     The  resldae  ot  the  plant  was  also  analyxed  and  ^lown  to  con- 
tain a  larger  percentage  of  barium  than  before  extraction.     (Of.  Table  VH.) 

EZPEBIUKFT  No.  8. 

A  anantltj  of  400  Btams  of  alfalfa  (collection  No.  H.  00)  yn»  ashed  In 
Idatlnum.  The  aah  was  extracted  wltlk  dilute  acetic  acid  and  the  extract 
OTaporated  to  dryness  In  porcelain.  The  residue  was  a  white,  crummf  mass. 
It  was  heated  to  IDO"  O.  in  the  oven  to  remove  an;  r^nalnlns  traces  of  acetic 
add.  It  was  then  treated  with  ISO  cnblc  centlmetera  of  water.  A  small  pert 
remained  ondlssolTed,  so  that  the  llqnld  waa  milky  In  appearance, 

September  2,  190D.  Fifty  cnblc  cmtlmetws  of  thla  milky  saspenalon  were 
£ed  at  U.1&  a.  m.  to  a  rabbit  weighing  2,290  grams.  The  animal  breathed 
rapidly,  lying  on  Its  side  with  hind  legs  extended.  It  soon  urinated,  sitting 
up  for  the  purpose  and  thw  lying  down  again.  The  effects  gradually  paased 
off,  so  that  by  1  p.  m.  it  seemed  normaL  Did  not  eat.  At  2.4Q,  60  c.  c.  were 
fed.  For  a  time  this  did  not  seem  to  have  much  effect,  but  at  4.30  p.  m.  the 
rabbit  was  lying  on  Its  side  prostrated.  It  passed  some  feces,  bat  not  very 
mucb.  At  5.10  p.  m.  It  was  hardly  able  to  raise  Its  head  or  move  Ita  hind  legs. 
Breathing  rapid  and  shallow.  At  6.16  respiration  ceased.  The  heartbeat  could 
still  be  seen  and  felt  for  a  time  after  respiration  had  ceased.  The  amount  of 
extract  fed  corresponded  to  the  adi  of  210  grams  of  plant  It  was  distinctly 
alkaline. 

Autopsy,  September  3.  The  abdominal  cavl^  contained  about  fiO  c.  c. 
of  bloody  serous  fluid.  Animal  pregnant.  Bladder  empty  and  contracted. 
Sple«i  norraai  Stomach  very  large,  fllled  with  pnttylike  food  mass,  except  at 
pyloric  end;  mncous  membrane  of  greater  curvature,  a  livid  purple,  and  greatly 
congested:  a  few  slight  «'oelons;  very  little  autolysis;  two  distinct  bemorrbaglc 
areas,  each  the  slse  of  a  small  pea. 

ExrEOIllERT  No.  9. 

An  acetic-acid  extract  was  made  of  the  aeh  of  SOO  grams  of  Aragalitu 
Umiberti  (Pursh)  Greene,  collected  at  Hugo,  Colo.,  in  the  manner  described  In 
protocol  of  experiment  No.  8.    The  volume  of  the  extract  was  abont  100  c  c 

November  28,  1B09.  Half  of  this  extract  waa  fed  at  12.20  p.  m.  to  a  rabbit 
weighing  2,0S0  grama  without  producing  much  effect  The  remainder  was  fed 
at  6.16  p.  m.  without  mucb  effect  The  next  morning  the  animal  waa  apparently 
normal,  but  had  lost  a  little  wel^t 

BxPXBIUERT  No.  10. 

An  extract  was  made  of  tbe  aab  of  90O  grame  of  the  same  plants  as  In  eiperi- 
ment  No.  S.    The  volume  of  the  extract  was  100  c  c. 

December  4,  1909.  Fifty  cubic  centimeters  of  this  extract  were  fM  at  11.30 
a.  m.  to  a  rabbit  weighing  2,170  grams;  the,  remainder  at  2.30  p.  m.,  without 
serious  111  effects.  The  next  morning  the  animal  was  apparently  well  and 
weighed  2,050  grams.  The  calcium  content  of  this  extract  waa  determined  and 
proved  to  correspond  to  8.6  grams  calcium  acetate. 

EXPEXIUENT  No.  11. 

December  11,  1909.  An  extract  waa  made  In  the  usual  way  of  500  gmros 
Aslraoalu*  moUisgirnvg  Torr.  (collection  No.  M.  9.45),  from  Hugo,  Colo,  llie 
concoitrated  extract  was  made  distinctly  alkaline  with  sodium  carbonate,  pro- 
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daclng  a.  heavy  precipitate.  Tbe  Tolume  of  the  extract,  predidtate  and  all,  was 
200  c  c.  It  was  then  centrlfugated  and  the  llqnid  poured  oBf  frwn  the 
precipitate.  The  precipitate  naa  auapended  In  water  and  aboat  half  ot  the 
BQspaiBlon  fed  to  a  rabbit  of  2,000  gr&ma  at  11^  a.  m.  without  mnch 
effect  At  4^  p.  m.  the  Temalnder  was  fed,  but  the  rabbit  was  apparently  In 
good  condition  the  next  day.  weighing  2,000  grama. 

December  12,  IIJSO  a.  m.  Fed  BO  c.  c.  at  the  decanted  Ilqnid.  In  the 
cariy  afternoon  the  animal  was  weak;  at  4.30  p.  m.  Tery  weak,  not  able 
to  ait  np  or  to  hold  head  erect;  lay  flat  on  stomach;  at  4.45  p.  m.  Tery  weak; 
lay  on  Ita  side,  breathing  rapidly;  but  heart  action  was  good;  nose  and  leg 
mnscles  twitched  a  good  deaL  At  &.10  p.  m. :  ConvDlslTe  moToments  of  hind 
]€«b;  an  attack  of  oi^sthotonoB.  At  D.20:  Oplsthotoaos  for  a  few  momenta. 
At  S.20 :  Very  feeble.  At  8  p.  m. :  Dead  In  opisthotonos.  Rapid  onset  of  rigor 
mortis. 

Antopev:  Stomach  rather  small;  not  very  congested;  contained  gas;  con- 
tents slight,  containing  a  little  mncns;  mocons  membranes  only  slightly  con- 
gested; pjIoniB  contracted.  Rl^t  long  very  congested,  especially  lower  lobe. 
On  cutting  open  the  bronchi  a  clot  was  fonnd  In  lower  portion  ot  right  broncboa. 
As  the  animal  had  been  lying  on  Its  right  side  In  moribund  condition  from  6.20 
p.  m.  to  8  p.  m.,  the  condition  of  the  lung  may  havo  been  hypostatic  congestion, 
though  there  Is  the  possibility  of  the  beginning  of  a  foreign-body  imeumonla. 

BXPKBIIIBHT  No.  12. 

December  IS,  190e.  At  12  m.  fed  GO  c.  c.  of  same  Uquid  which  had  been 
decanted  from  tbe  extract  In  experlmait  No.  11  to  a  rabbit  weighing  1,22S 
grams.  At  4.30  p.  m.  the  remainder  of  the  decanted  ItQold  was  fed.  Not 
much  ^ect.  The  animal  died  a  week  later  of  an  acute  febrile  disease.  At  this 
time  there  was  an  epidemic  among  our  rabblta.  Hence  the  posoiblllty  that  the 
rabbits  of  this  experimvit  and  of  Na  11  died  of  disease  must  be  considered. 

ExrEBIUBRT  No.  Id. 

December  22,  1900.  A  quantity  of  250  grams  Aracalhtt  lamberti  (Pnrsh) 
Greene  was  ashed  and  an  acettc-add  attract  made  In  the  usual  way.  The  Ara- 
oalliu  lamberti  used  contained  barltim.  The  extract  had  a  Tolnme  of  S5 
cubic  ceotinieters.  It  contained,  as  in  the  other  cases,  a  certain  amount  of 
iuBoloble  material  In  8uq>ensioD  and  had  an  alkaline  reacdML  Fed  40  cubic 
centimeters  to  a  rabbit  weighing  lji]2  grams  without  much  efTect  On  Decem- 
ber 23  the  rabbit  weighed  1,260  grams.  The  extract  fed  contained  8.5  grams 
caldom  acetate. 

BxPEBiifEHT  No.  14. 

December  2S.  1909.  An  extract  of  600  grams  of  Araooaiu  lamberti  (Pnrsh) 
Greene  (collection  No.  M  8.98)  was  made  in  the  asoal  way.  It  was  concen- 
trated and  made  quite  alkaline  with  sodium  caibonata  Tbe  precipitate  tbuB 
formed  was  removed  by  ccmtrifngatlm,  and  half  of  it,  suspended  in  water,  fed 
to  a  rabbit  of  1,280  grams.    No  visible  effect 

December  31 :  Weight  of  rabbit  1,225  grams. 

EiXF^OMENT  No.  16. 

December  81,  1900.  Fed  00  cubic  centimeters  of  the  liquid  decanted  from  the 
precipitate  fed  in  experlmmt  No.  14  to  a  rabbit  weigblng  137S  grams  without 
producing  any  serious  effect    Tbe  amount  fed  correspcMided  to  about  360  cnbic 
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centlmetera.of  dry  plant  deprived  ot  tbe  ^eclpttate  fonned  hj  the  sodium 
cartwnftta 

BxperlmentB  14  and  15  v&k  made  became  It  was  tltos^it  tb»t  there  vu 
some  evidence  tbat  nhen  Uie  concentrated  extracts  were  msile  alkaltne  wttk 
sodium  cartKHiate  most  of  the  toxic  otaterlal  was  precipitated.  As  Uils  expvt- 
ment  shows,  this  Idea  was  erroneous.  By  mamoK  alkaline,  the  calclam  and 
probably  any  traces  of  barium  that  may  have  been  present  were  predpltated 
as  the  carbonate.  Galcliun  caibonate  Is  but  aUgbtly  It  at  all  toxle.  13i1b 
treatment,  viz,  converting  the  calcium  Into  sn  Inacriuble  form,  may  have  ren- 
dered the  extract  iK»it<nIc  Experlmmts  of  a  somewbat  anatogow  nature 
are  described  in  protocols  Nos.  II  and  12. 

ExFixiuBRT  No.  19. 

November  8.  1909.  At  12.16  p.  m.  fed  60  cubic  centimeters  of  water  containing 
In  solution  2.6  grams  anhydrous  calcium  cblorld  to  a  white  rabbit  weighing 
2,060  grams.  No  effects  were  noticed,  and  at  2  p.  m.  the  dose  was  rqwated.  lo 
all,  5  grams  calcium  ctUorld  were  fed,  or  2.94  grams  per  kilo  of  body  wel^t 
The  rabbit  lay  on  Its  side  a  while  and  urinated  a  good  deal,  but  them  were  the 
cmly  effects  noted. 

BXPEBIUBITT  No.  17. 

November  II,  1900.  At  2.80  p.  m.  a  brown  rabbit  welghlsg  1,016  grams 
was  ted  48  cubic  centimeters  of  a  0.5  per  coit  aqueons  solutlou  ot  anhydrous 
calcium  cblorld,  or  2.5  grams  per  ktlo  of  body  weight  The  rabbit  urinated 
as  soon  as  it  wss  put  back  Into  Its  cage;  respiration  was  very  rapid.  At  SJK) 
p.  m.  the  animal  seemed  normal.  At  8.66  p.  m.  It  urinated  again.  At  4.80 
p.  m.  It  still  seemed  normal.  The  dose  was  ri^ieated,  nuking  the  total  amoirat 
of  calcium  cblorld  fed  6  grams  per  kilo  of  body  weight  At  G.4G  p,  m.  tbe 
animal  did  not  seem  very  sick ;  it  did  not  est,  but  was  quiet 

The  next  morning  tbe  rabbit  was  found  dead,  lying  flat  on  tts  btfly.  Its 
bind  legs  drawn  up  under  It  as  though  It  bad  collapsed  without  s  struggle; 
body  limp;  no  rigor;  no  bloating.  On  opening  the  abdomm  some  25  to  50 
cubic  c^itlmeters  of  serous  fluid  were  found  In  the  perlbmeum.  The  IntestlneB 
were  not  bloated.  Tbe  stomach  was  large  and  promlnoit,  the  fondns  being 
distended,  congested,  and  very  much  reddened ;  the  congestion  of  the  fuadus 
was  greatest  on  tbe  vaitral  side  at  the  greater  curvature,  as  though  due  to 
tbe  accumulation  In  this  place  by  gravity  of  tbe  liquid  fed.  On  opoilng  tbe 
stomach  It  was  found  filled  with  partly  digested  food  and  considerable  liquid; 
tbe  mucous  membrane  of  the  ventral  side  In  the  region  of  the  greater  curvature 
of  the  fundus  was  filled  with  hemorrhages,  eroded,  and  ulcerated ;  the  pylwic 
end  was  nearly  normal.  The  upper  end  of  the  mmll  intestines  was  somewhat 
injected,  but  showed  neither  betnorrbagee  nor  ulcers.  The  ccdon  was  also 
Injected.  Tbe  liver  was  congested.  ^The  heart  was  contracted.  Hie  lonpi 
were  normal. 

'    EXFEKIMEHT    NO.    18. 

November  24,  1909.  At  11.30  a.  m.  a  brown  rabbit  weighing  1,886  grama 
was  fed  50  cubic  centimeters  of  a  7.6  per  cent  aqueous  solution  of  anhydrous 
calcium  chlorld.  There  were  no  marked  effects,  so  the  dose  was  repeated  at 
6.16  p.  m.  Altogether.  3.98  grams  calcium  chlorld  per  kilo  of  body  wright  were 
fed.  The  second  dose  did  not  seem  to  affect  tbe  animal  much.  It  seemed 
well  the  n«tt  morning  and  was  eating.  On  Novembo'  28  It  wdgbed  1,715 
grams. 
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ExPERiuEiTT  Na  19. 

NoTUDbur  26, 1909.  A  brown  rabbit  neighing:  1,T1S  grama  was  fed  the  extract 
prqjared  by  digestion  according  to  the  method  need  bj  Crawford  from  2S0 
sranu  of  AatrttttMiu  niUdiu  DougL  collected  at  Woodland  Park,  Colo.  The 
extract  was  administered  lo  two  dosea  on  the  same  day,  one  In  the  forenoon, 
the  other  In  the  afternoon.  Soon  after  tlie  second  dose  the  animal  began  to 
become  weak  and  later  had  n  flew  clonic  spaams  of  tbe  bind  legs,  which  became 
partially  paralysed  later,  and  the  animal  died  abont  0  p.  m.  wlthont  a  atrug^e. 
On  autopsy  nothiiv  was  foond  except  a  highly  Inflamed  and  somewhat  corroded 
conditltm  of  the  fandna  of  the  stomach. 

BxPEBiUEnt  No.  20. 

October  20,  1909,  A  quantity  of  225  grama  of  aoy  beans  from  Plttartlle.  Ta^ 
was  ground  and  extracted  In  the  naual  nay.  The  extract  was  concentrated  on 
the  watw  bath  to  a  volnme  of  2S0  cubic  centimeters. 

Of  this  caretally  neutralised  extract,  7S  cubic  centimeters  were  fed  at  4iH> 
p.-m.  to  a  rabbit  of  2,010  grama.  No  effecta  whatever  were  noted.  The  next 
day  at  9.80  a.  m.  100  cubic  ceDtlmeters  were  fed,  with  do  effects  whatever 
beyond'Sorae  dtareala  The  rabbit  lost  bat  very  little  welgbt.  The  total  extract 
fed  waa  equivalent  to  1&7  gnme  of  alr-drled  plant. 

EXPKBIUKIIIT  No.  21. 

October  14,  1909.  Fed  S3  cubic  centimeters  of  a  colloidal  solntioo  of  barium 
snlpbate  to  a  rabbit  welding  2fieo  grams;  no  visible  effect  October  16: 
Fed  GO  cubic  CMitimeters  of  the  same  aolntion ;  do  effect  October  16 :  Fed  BO 
cubic  ceotlmeters  of  the  name  tolndon;  do  effect  In  all,  dJi  grams  barium  sul- 
phate were  fed.  The  colloidal  barium  was  prepared  according  to  the  method  of 
Fellnuum,  casein  freshly  prepared  fr«n  milk  being  used  as  the  iax>tectlve 
coU<M. 
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A  KNOT  OF  CITRUS  TREES  CAUSED  BY 
SPHAEROPSIS  TUMEFACIENS. 


INTBODTTOnON. 

The  fungus  under  discussion  in  this  paper  was  first  isolated  in  1904 
from  knots  on  lime  trees  from  Jamaica  (PI.  I).  Later  it  was  also 
obtained  from  orange-tree  knots  from  the  same  island  (PI.  II). 
Repeated  inoculations  with  both  strains  and  reisolation  of  the  fungus 
from  the  knots  so  produced  have  proved  conclusively  its  parasitism. 
Previous  to  191 1  no  sUch  disease,  so  far  as  the  writers  know,  had  been 
observed  in  the  United  States,  but  in  the  spring  of  that  year  a  knot 
similar,  if  not  identical,  was  received  from  Florida.'  No  reference  to 
the  disease,  either  in  this  country  or  elsewhere,  has  been  found  in 
literature.  A  short  preliminary  account  of  the  disease  with  a  descrip- 
tion of  the  fungus  has  been  published.' 

In  1906  one  of  the  writers  (Hedges)  visited  several  of  the  larger 
Jamaican  "pens"  (estates)  on  which  limes  and  oranges  were  culti- 
vated, for  the  purpose  of  studying  the  disease  in  the  field.  It  was 
found,  however,  that  although  in  previous  years  the  disease  had 
caused  much  trouble  in  the  northern  and  western  parts  of  the  island, 
the  majority  of  the  growers  had  been  able  to  keep  it  under  control 
by  cutting  and  burning  and  no  longer  considered  it  very  serious. 

'  In  Uar,  IBIl,  ■  knot  on  ■  Hme  twig  wmg  ncelTsd  troia  Qnay,  Fla.  It  resembled  the  Junaksn  hicit 
and  wasttiougbt  to  be  due  to  theBmecauis.  !□  letponn  to  Inquirr  the  sender  wrDte  as  tallows:  "I<do 
not  Bud  an;  other  erovth  than  the  piece  which  you  have.  This  tree  was  on  the  place  vben  I  purchased 
it  In  IBCe.  I  Judge  the  tree  to  be  about  eight  jran  of  age.  It  bas  always  been  health;  UD  tU  this  last  year, 
vben  It  showed  disease,  aa  eTldenced  by  numeroua  dead  bnncbeo.    These  lam  pmnliif  out." 

Mycelium  resembling  that  otSpiaemptUlumrfacirtu  Hedges  was  preseot  Id  the  bu-li  and  wood  of  thekikot 
and  also  in  biack  streaks  In  the  wood  of  the  stem  below  the  knot.  Tlie  fimgui  waa  Iwlalod  tratn  both  knot 
and  stem  by  the  method  employed  for  the  Jamaican  knot. 

iDoenlaUaiis  wen  made  on  lime  twigs  and  branches  with  a  liealily  ianlated  cuitore  (13  days),  and  tbeie 
have  been  ander  obserratlan  for  seren  montbs  as  Ibis  bulletin  goes  to  prao.  Time  at  the  tnocnlatad 
shoots  were  IdUed.  and  attboi^h  no  nal  knots  have  formed  on  the  others,  conrideratiie  tomor  tissue  baa 
IieeD  produced  and  mycelium  Is  present  In  the  tissue*.    TherehailieeDalaiKepraducUiKiofgam  ineveiy 

Oncornmeal.liowever,  the  only  medium  on  witlchtbe  fungus  lkaslnilt«d,  the  QKMva  are  iirgerand  thicker 
walled  than  any  o(  those  of  Spitotroprii  tumrfitiau  that  have  twen  observed  thus  fti.  Tbey  measure  2B 
lo3G|by  11  to  le  hand  when  they  become  coloRd  tbey  are  a  decided  brown  instead  ol  yellow.  By  no 
mmnsdolhey  always  become  brown,  howem.    No}«elled  spores  have  been  observed. 

'  Hedges,  Florence.    Bpbaeropsli  Tumelaclens,  Nov,  Sp.,  the  Caosaoftlie  Lime  and  Orance  Knot.    Phy- 
(tqisthalogy,  vol,  l,  no,  3, 1911,  pp,  S3-SS. 
247 


3yGclt>^^IC 


10  A  KNOT  OP  CITBUS  TOEES. 

Mr.  Geoi^e  Costa,  of  Orange  Valley,  St.  Anns,  who  had  watched 
the  disease  for  several  years  and  whose  groves  had  suffered  exten- 
sively from  it,  made  the  following  statements  r^arding  it: 

1.  It  attacks  trees  of  all  ages,  old  as  well  as  young  wood. 

2.  Knots  appear  in  any  season,  regardless  of  weath^  conditions. 

3.  The  disease  spreads  from  one  tree  to  another. 

4.  If  an  affected  tree  is  cut  down,  the  young  shoots  coming  up  from 
the  roots  develop  knots. 

5.  From  the  knots  an  abnormal  number  of  branches  spring  (witches'- 
brooms). 

6.  An  affected  tree  has  a  whole  scries  of  knots  extending  up  the 
branches,  not  simply  a  few  isolated  ones. 

7.  An  affected  tree  may  live  about  18  months,'  but  always  dies 
prematurely  as  a  result  of  the  disease. 

8.  Trees  growing  in  the  so-called  "red  dirt,"  which  is  rich  in  iron, 
are  more  often  attacked. 

At  the  time  of  the  writer's  visit  there  were  no  badly  diseased  trees 
in  Orange  Valley.  The  disease,  which  had  formerly  been  very  preva- 
lent there,  seemed  to  have  been  held  in  check  by  the  severe  pruning. 
There  were  scattered  knots,  however,  and  specimens  of  these  were 
brought  to  Washington, 

DBSCBIPTrON  OF  THE  KNOTS. 

The  knotsvary  insize  from  throo-cightlisof  an  inch  to  2  or  3  inches 
in  diameter.  Generally  they  aru  approximately  round,  but  in  the 
earlier  stages  bcforo  tlicy  surround  tlie  stem  they  have  a  broad,  flat- 
tened base  and  may  bo  somewhat  elongated,  tlie  longer  axis  being 
parallel  to  that  of  the  infected  branch.  In  some  cases,  instead  of 
forming  a  well-defined  gall  the  disease  produces  an  eruption  extendii^ 
several  inches  along  the  limb.  Tliis  consists  of  slightly  raised  and 
variously  fissured  portions. 

At  first  the  incipient  knot  is  covered  by  the  bark,  but  after  some 
montlia  this  usually  dies  and  falls  away,  exjMsing  the  cnlaT^ed  woody 
tissues.  In  the  early  stt^es  of  growth  the  surface  of  the  knot  (the 
bark)  is  Hght  colored  and  ratlier  smooth.  With  age  tlio  surface 
becomes  darker  and  more  or  less  fissured,  and  an  old  gall  divested  of 
its  bark  is  often  almost  black,  roufjli,  knotty,  and  deeply  furrowed. 
When  the  growth  is  rapid,  liowevor,  the  malformation  may  reacli  a 
large  size  and  tlie  bark  surface  still  be  intact,  smooth,  and  light  in 
color. 

re  alive  at  tlie  eod  ol  five  feus,  allbough  tn  niMij 
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DESCRIPTION   OF  THE   KNOTS.  It 

The  surface  of  the  knot  is  usually  quite  different  in  texture  from 
that  of  the  healthy  stem;  the  firm  greenish  bark  is  replaced  by  a 
softer,  more  or  less  crumbling  surface,  cutting  easily  with  a  kniSe. 
The  interior  of  the  knot,  however,  is  very  hard  and  compact,  being 
composed  of  firm  woody  ti&sues.  The  outer  layer  of  the  knot  (modi- 
fied bark)  is  about  the  thickness  of  ordinary  bark,  i.  e.,  the  knot 
grows  cliiefly  by  additions  to  the  woody,  not  to  the  cortical  tissues. 
The  color  of  the  interior  of  the  knot  may  be  similar  to  that  of  healthy 
wood  or  it  may  bo  more  or  less  streaked,  with  black.  The  knots  are 
attached  by  a  broad  base  and  can  not  be  broken  off.  As  they  grow 
they  extend  laterally  and  may  ultimately  girdle  the  branch. 

The  first  indication  of  infection  is  a  slight  swelling  of  the  branch- 
As  this  increases  in  size  the  bark,  wliich  at  this  stage  covers  the  young 
knot,  becomes  ligiitvr  in  color  and  is  noticeably  cracked  and  has  a 
corklike  appearance.  Growth  under  greenhouse  conditions  in  Wash- 
ington is  slow,  several  to  many  months  being  necessary  for  the  pro- 
duction of  knots  1  to  3  inches  in  diameter.  When  many  knots  appear 
upon  a  branch  the  single  ones  may  be  smaller.  In  the  artificial  infec- 
tions in  the  Department  greenhouses  it  has  taken  from  five  months  to 
two  years  for  the  knots  to  girdle  the  branch  and  to  become  1  to  2  inches 
in  diameter,  but  our  temperatures  were  considerably  lower  and  the 
moisture  less  than  in  Jamaica.  By  the  time  the  stem  is  girdled  all 
of  that  part  of  the  branch  above  the  knot  is  usually  dead  or  dying. 
(PI.  III.)  When  a  tree  contains  numerous  infections,  therefore,  a 
lai^e  portion  of  it  dies. 

A  striking  characteristic  of  the  lime  knot  is  the  growth  of  a  large 
number 'of  new  shoots  from  the  knots,  forming  typical  witches'- 
brooms  (PI.  IV,  figs.  1,  2).  This  did  not  always  take  place  in  tlie 
greenhouse  inoculations,  although  it  frequently  did.  Sometimes 
there  were  only  one  or  two  shoots  from  tlie  knot,  but  more  often  the 
number  was  greater,  and  knots  have  been  observed  which  bore  30  or 
40  small  shoots.  These  shoots  grow  rajtidly,  and  some  of  them  soon 
reach  a  height  of  several  feet  witli  few,  if  any,  branches,  and  often 
bear  knots.     Usually  after  some  montlis  all  of  these  shoots  die. 

In  case  the  tree  has  a  laige  number  of  infections  the  death  of  parts 
beyond  the  encircling  knots  results  in  the  loss  of  the  greater  part  of 
the  tree,  and  what  remains  is  so  weakened  as  to  be  of  no  commercial 
value.  As  the  disease  develops,  secondary  knots  form  on  the  main 
branches  and  trunk  (Pis,  V  and  VI),  often  extending  to  the  ground, 
and  the  death  of  the  entire  tree  is  the  ultimate  result. 

Gum  frequently  oozes  from  the  knots,  and  gum  pockets  are  of 
common  occurrence  in  the  infected  wood,  but  this  gummosis  is  not 
peculiar  to  the  limo  knot. 
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CAUSE  OF  THB  DISEASE. 


This  disease  is  of  fungous  origin.     The  facts  supporting  this  stato- 

ment  are  as  follows : 

A  microscopical  examination  of  the  knots  and  of  the  stem  above 

and  below  the  tumors  revealed  the  presence  of  mycehum  in  abun- 
dance in  the  cells  of  all  the  tissues. 
It  was  particularly  abundant  in  the 
cortex,  which  was  almost  a  solid 
mass  of  black  mycelium  in  some  of 
the  orange  knots.  The  wood  also 
contained  quantities  of  it  (figs.  1 
and  2),  and  the  pith  was  likewise 
invaded  (fig.  3).    Later  it  wasob- 

no.i.-cro«  Eectko.  oi  a  lima  knot.  rt»>wtog    Served  that  lai^e  rapidly  growing 
im«ttaiofbyptuBiiiwood(sii»andniednii«7    knots  as  a  Fule  Contained  much  less 
mycehum  than  the  smaller  slow- 
growing  ones,  and  usually  the  greater  part  of  the  hyphse  in  the  former 

were  hyalin.     In  the  young   rapidly 

growing  tissues  of  buds  growing  out  of 

knots  the  mycehum  is  confined  to  the 

intercellular  spaces  (fig.  4). 

The  first  isolation  of  the  fungus  was 

made  by  cutting,  under  sterile  condi- 
tions, small  pieces  of  the  wood  from 

the  interior  of  the  knot  and  transferring 

them  to  tubes  of  sterile  water  and  beef 

bouillon.     In  three  or  four  days  pure 

cultures  of  the  fungus  had  developed 

in  each  tube  inoculated,  the  mycehum 

pushing  out  of  the  interior   tissues. 

Isolations  have  also  been  made  from 

the  stem  above  and  below  the  knots. 

In  one  instance  a  pure  culture  was 

obtained  from  the  interior  of  a  branch 

coming  out  9  inches  above  a  knot  on 

the  main  stem. 

Using  the  fungus  thus  isolated,  inoc- 
ulations made  on  healthy  young  trees 

in  the  Department  greenhouses  pro- 
duced numerous  knots  resembling  in 

every  respect    those    received    from 

Jamaica.     (Pis.    Ill   to   VI.)     From 

these  artificially  produced  knots  the  fungus  was  again  isolated  and 

when  pure  cultures  of  it  wore  inserted  under  the  bark  of  healthy 


OQ  oivige,  sbowlog  mycelium  of  5pAafrp/>< 
ta  lamifadnH  Irsmslnglhf  woodin  vaii- 
□uadiTFCtlona.  ThlmcctloitnamBdr^ni 
a  nalural  infecUon  at  8  dlaUiicc  of  1  Incb 
jLbovo  a  knot:  ahowA  JuDgoa  la  venri  and 
nwdullary  my.  Reduced  Imn  a  camm 
diairini;  mad«  with  Zeln  8  mm.  abjFcUTF 
and  No- 12  compensatin;  ocuIht. 
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The  First  Lime  Knots  Produced  by  Pure-Culture  Inoculations  with 
Sphaeropsis  Tumefaciens  Obtained  from  the  Knots  Shown  in  Plate  I. 

Tbe  Ingcululnl  bisacli  is  mui>h  (lUnlnlshFd  in  siiv  tx'Iween  Inoculations  Nos,  1 
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Portion  of  Tree  II.    Detail  from  Plate  V.    Enlarqed. 

(Abouc  nnlurBl  niie.) 
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ISOLATION    OF   THE    FUNOUB.  13 

lime  trees  more  knots  resulted*  The  number  of  successful  inocula- 
tions, reisolations,  and  reinoculations  proves  beyond  a  doubt  that 
this  fungus  is  the  cause  of  the  disease. 

ISOI^TION  OF  THE  FUNOTTS. 

The  fungus  is  easily  isolated  from  the  knots.  It  is  preferable  to 
use  freeh  young  knots  for  this  purpose,  although  the  onginal  isolation 
was  made  from  knots  about  3  inches  in  diameter.  In  the  various 
isolations  made  by  the  writers  the  knots  were  thoroughly  washed 
and  soaked  in  mercuric  chlorid  (1  to  1,000)  from  three  minutes  to 
one  hour  before  cutting  out  portions  of  the  interior  as  material  for 
cultures.  Three 
minu  tes  were  found 
to  be  sufficient. 
Dipping  in  alcohol 
before  transferring 
to  mercuric  chlorid 
insures  a  thorough 
wetting  of  all  por- 
tions by  the  latter, 
and  this  method 
was  usually  fol- 
lowed. If  the  sur- 
face of  the  knot 
was  very  rough  or 
cracked,  this  part 
was  cut  away  pre- 
vious to  the  soaking 
in  mercuric  chlorid . 
After  a  thorough 
rinsing  in  sterile 
water,  the  knots 
were  cut  in  two  and  portions  of  the  inner  tissue  wore  cut  out  with 
a  sterile  knife  and  dropped  into  tubes  of  culture  media,  preferably 
sterile  water.  Pure  cultures  were  obtained  in  two  to  throe  days  by 
this  method. 

The  fungus  has  also  been  seen  many  times  in  the  stem  between 
the  knots  and  has  been  isolated  therefrom.     (PI.  VII,  fig.  6.) 

DBSCIIIFTION  OF  THE  FUKOtTS  8PHAEBOPSIS  TTUCBFACIBNS. 

Mycdmm. — Within  the  host  the  fungus  occurs  as  a  branching, 
much-septate  mycelium,  consisting  of  colorless  or  brown  hyphte. 
The  colorless  young  filaments  soon  change  to  a  pale  brown,  which  at 
length  deepens  into  a  shade  so  dark  that  iu  a  mass  the  mycelium 
looks  black.  It  is  the  massing  of  these  old  hyphw  which  imparts  th© 
8"  r„i.-.,,..CA>t)e^lc 
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black  color  to  portions  of  some  of  the  knots.  The  color  U  located  in 
the  cell  walls.  Both  the  hyalin  and  brown  hyphas  vary  a  great  deal 
in  iliamcter.  (PI.  VIII,  fig.  9.)  In  measurements  made  of  the 
brown  hyphie  in  one  of  the  knots  the  diameter  ranged  from  2  to  4  /i, 
and  that  of  the  hyalin  hyphsa  in  the  same  knot  from  0,4  to  3.5  ii. 
Very  much  coarser  hyphse  commonly  occur  in  cultures.  (PI.  VIII, 
fig.  10.)  The  walls  of  the  hyphse  may  he  straight  or  often  quite 
irregular  in  outline.  The  tips  of  the  young  hyphte  growing  from 
infected  wood  sterilized  externally  and  put  into  tubes  of  sterile  water 
are  commonly  somewhat  swollen.  In  cultures  the  very  young  hyphse 
are  sparingly  septate,  but  in  a  few  days  to  many  weeks  there  are 
usually  many  coarse  brown  filaments,  which  are  divided  into  approxi- 
mately isodiametric  cells,  frequently  with  bulging  lateral  walls.  (PI. 
VIII,  fig.  9.)  Often  on  arti- 
ficial media,  especially  In  old 
cultures,  hyphse  occur  in 
which  the  walls  are  thickly 
besot  with  warts.  (PI.  VIII, 
fig.  8,' and  PI.  IX,  fig.  5.) 
Sometimes  these  warts  are  2 
to  4  /J  thick.  (See  lime-wood 
cylinders,  p.  31.)  Fused  hy- 
phse are  also  common  in  old 
cultures.     (PI.  VIII,  %.  7.) 

Pycnidia. — Until  the  sum- 
mer of  1909  the  fungus  was 
never  observed  fruiting  on 
the  host,  either  in  natural 
infections  or  those  produced 
artificially  in  the  greenhouse,  nor  had  it  been  found  producing  spores 
in  culture  media  previous  to  the  spring  of  that  year,  although  it  had 
been  tried  in  a  great  variety  of  media.  (See  com-meal  cultures, 
orange  strain,  p.  19.)  However,  masses  of  intertwining  hyphse  sug- 
gestive of  pycnidia  in  the  process  of  formation  (PI.  IX,  fig,  6)  fre- 
quently had  been  observed.  (See  prune  and  beef  agara,  pp.  22  and 
23.)  From  the  first  com-meal  cultures  contatning  pycnidia  (orange 
strain)  a  vigorously  fruitii^  strain  has  developed,  A  second  (non- 
fruiting)  strain  isolated  from  the  orange,  however,  has  never  produced 
spores  in  cultures,  so  far  as  observed,  but  produces  them  abundantly 
on  the  host.  Later  a  second  fruiting  strain  was  isolated  from  a  lime 
knot  produced  by  inoculation  with  the  fruiting  orange  strain.  The 
lime  strain  has  thus  far  fruited  very  rarely.  Spores  have  been  found 
only  in  some  of  the  more  recent  inoculations  and  in  very  old  cultures 
(18  months  to  several  years  old)  and  then  (i.  e.,  in  the  cultures) 
only  in  very  small  numbers  and  not  in  all  the  cultures  in  the  samQ 
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MvcELiuM  AND  Spores  of  Sphaeropsis  Tumefaciens. 

Fins.  1  and  2.— Pjcnosnorcs  (uniiige 
FiQ.  2.— Fiom  lemon  (raw  [rule      '^ 


From  KniG  (aMlficlal  InfeiMloDl. 

potsbi-amr  caKiirp  8 
byklin  hyphs  [rom  potato-ocaT  culture  S  moDths  old. 


rnllure.  '24  huurs  r>li),    Fia.  I 
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Inoculation  (orange  Klralnl,    .  .. 
miinthKold.    Fio.  9.— Mycelium 
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Sphaeropsis  Tumefaciens  on  Culture  Medi*. 

FiQ.  1.— PhoUJinliTOKraph  o[  swoll»n  hyalin  cells  in  b«[-npir  plale,  1  nrcka  old.  Fro,  2.  - 
fotito-niM  plale,  3  weelisold  shon'inx  pyiiildiH.  Fig.  3,— Colony  li)  davs  old,  on  prune  Ht;»r; 
Inociilai  Ian  nuide  cenimlly  nilh  a  fninneut  of  myccliuia.  Fia.  1.— I'holoniiiTDcraph  ol  s 
fragmrtlt  of  potato  cylinder  [rom  a  oilltnre  3  vivVa  old,  sliowine  the  penrlralion  of  the  n'lls 
by  the  (iinKus  and  the  nwirly  compU'ie  ahseure  ol  sinrch.  Fio,  5.— I'hoioniitTOirmph  ol 
iny«llunl  from  a  liK^-ueiir  slant  S  davs  old,  ehowini;  prolubrnmcra  on  the  hyplin?.  Flo.  0. — 
rfiotomlcrograph  of  interwoven  livphip  in  boef-aEir  plate,  4  wMksol  I,  /  '    .,-,,^1 1,, 
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Lemon  Tree  Inoculated  in  Julv,  1908,  by  iNSEflTiKo  Small  FRACMEriTs  of 
Fresh  Ume  Knots  (Artificially  Produceo  in  Hothouse)  into  T-shaped  Cuts 
UNDER  the  Bark,    Photographed  June  16,  1909. 


iCbyGOO^^IC 


THE  FUNGUS  SPHAEROPSIS   TUMEFACIENS.  15 

medium.  In  the  inoculations  with  the  two  orange  and  lime  strains 
on  July  21  and  29,  1909,  and  July  20,  1910  (see  pp.  55,  67,  58,  and 
60),  pycnidia  have  appeu^  on  the  host  in  great  numbers  {fig,  5). 
Up  to  the  present  time,  however,  the  pycnidia  have  been  found  only 
in  the  early  stages  of  the  disease,  when  there  is  very  little  swelling, 
i.  e.,  two  to  four  weeks  after  inoculation,  or  on  old  knots  (one  to  two 
years)  which  have  never  developed  into  good-sized  tumors.  In  the 
latter  case,.if  the  branch  beyond  the  knot  is  dead,  this,  too,  is  some- 
times covered  with  pycnidia. 

The  pycnidia  as  they  have  been  observed  upon  the  host  (fig.  5)  are 
subglobose,  papillate,  very  dark  brown  or  black,  ostiolate,  closely 
crowded  together  or  solitary,  with  a  cellular  peridium,  and  measure 
152  to  224  ;i  by  120  to  192  ft. 
They  are  at  first  covered  by 
the  epidermis,  sometimes  be- 
ing buried  quite  deeply  in  the 
cortex,  but  finally  they  burst 
through  to  the  surface.  They 
are  also  occasionally  found  in 
the  wood.  On  culture  media 
they  are  sometimes  buried  in 
a  stroma  (see  com-meal  and 
potato  cultures, pp.20  and  27), 
in  which  thoy  occur  merely  as 
chambers,  separate  or  con- 
fluent, and  have  no  distinct 
pycnidial  wall,  Pycnidia  in 
cultures     often    have    short 

neCKS.  Pig  S.— Cro«9e«lon  ol  a  Ume  shoot,  showing  psraddlum 

PycnOSporeS. The      spores,       »™i  prcncopora  of  SplurropiU  lamifaiieiu,  thfl  result 

V,.*l.    „«    *!._   1 J. I    :_         1         of  ftpur&oulturelnoculiidoo  made  JulyJl,  1909.    Slem 

both  on  the  host  and  m  cul-     aig^ar.>^^^^t»n^«ted.K^ixim. 
tures,   are  large,   colorless  or 

yellowish,  oblong  or  ovoid,  rounded  at  both  ends  or  subacute,  some- 
times broadly  rounded  at  one  end  and  quite  sharply  acute  at  the 
other,  measuring  16  to  32  /(by  6  to  12  p,  rarely  36  by  8  ^  in  cultures 
(PI.  VIII,  figs.  1,  2,  3,  4,  and  6).  They  are  either  long  and  slender 
(32  by  8  p)  or  broad  and  short  (16  by  8  p),  with  intei^adings. 
Often  they  are  slightly  curved.  On  the  host  they  are  usually  con- 
tinuous, rarely  1-septate,  but  in  cultures  on  raw  apples  and  lemon, 
spores  with  1  to  2  septa  occur  quite  frequently  (PI.  VIII,  fig.  2),  and 
occasionally  4-septate  spores  have  been  observed.  The  spores  are  cut 
off  singly  from  long  or  short  threadlike  basidia  and  originate  as  the 
swollen  end  of  the  basidium.  The  spores  are  sometimes  discharged 
in  cirri  in  cultures.     This  has  not  been  observed  upon  the  host. 
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Spermatia, — Some  time  after  the  appearance  of  the  pycnidia 
small,  cylindrical,  colorless,  l-celled,  sporelike  bodies,  the  so-called 
spermatia,  are  found  both  in  cultures  and  on  the  host  (Fl.  VIII,  fig.  3 ; 
see  com-meal  cultures  of  the  orange  strain,  p.  20).  These  are  4  to 
Sft  by  1  p  OT  less,  usually  4  to  5  /i  long  (measurements  from  com 
meal).  They  may  occur  in  the  same  pycnidia  as  the  large  ovoid 
spores  or  in  separate  pycnidia, 
the  so^alled  spermagonia. 
They  are  cut  oflf  from  long 
slender  basidia  arranged  ra- 
dially. Their  germination  has 
not  been  observed,  nor  is  there 
any  evidence  that  they  func- 
tion as  true  spermatia  in  De 
Bary's  sense  of  the  term. 
Ohhmydosporee. — No  chlamydospores  have  ever  been  observe*! 
upon  the  host,  but  in  old  cultures  on  steamed  vegetables  or  fruit 
large,  thick-walled,  intercalary,  brown,  sporelike  bodies  are  sometimes 
present  in  abundance.  The  moat  striking  of  those  observed  were 
on  banana  (see  p.  27  and  fig.  6).  On  this  medium  tliey  were  often 
very  laige,  irregular  in  shape,  and  many  celled.  Their  germination 
has  not  been  observed.  All  grada- 
tions of  more  or  less  tliick-walled, 
colorless  or  brown,  coarsely  gran- 
ular, swollen  cells,  occurring  singly 
or  in  chains,  are  common  in  the 
mycelium  on  artificial  media  (fig.  7 
and  PI.  IX,  fig.  1).  (See  also  cul- 
tures on  carrot  cylinders,  p.  28.) 

On  steamed  prunes  (see  p.  29) 
tlie  mycelial  filaments  break  up  into 
one  to  several  celled  fragments, 
which  are  found  germinating  freely 
in  cultures  about  a  week  old. 

Brown  septate  bodies.— These 
brown  septate  bodies '  have  been    ^,°-  ^-^f"  "'  ^^'^^^^'^ 

-  ,    .  llmft-knot  ningra  from  an  old  pa 

observed    m   potato    cultures    6    to        carrot  cylinder.    The  majority  MO  colorlem. 

52  days  old   and  on   apples   (the 

raw  fruit)  18  to  3 1  days  after  inoculation  with  Sphaeropsia  tumrfacieng 
(PI.  VIII,  fig.  5).  At  first  sight  one  would  take  them  for  spores— 
conidia,  chlamydospores,  or  pycnospores,  as  the  case  might  be.  They 
are  found  free  or  attached  to  the  mycelium  as  terminal  or  intercalarj' 
bodies,  in  pockets  in  the  tissues  (apple)  wiUiout  pycnidial  wall,  and, 
rarely,  in  pycnidia  (apple,  steamed  potato). 

■  Obgerred  In  one  butanes  on  tba  halt  (1Iiiw)iuidnl3D  on  lemon  <ts«  fruit)!  month  •ft«r  bocnlat  Ion 
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Although  they  often  occur  in  quantities,  especially  on  apple, 
their  presence  is  by  no  meana  constant,  and  even  when  there  are 
masses  of  them,  comparatively  few  are  detached  from  the  mycelium. 
Those  which  are  detached  aometimos  look  aa  though  they  had  been 
torn  off,  and  sometimes  are  rounded  off  in  true  spore  fashion. 

The  pycnidia  in  which  they  have  been 
found  have  contained  none  of  the  true 
pycnospores  and  have  shown  evidences  of 
more  or  less  disorganization.  It  is  be- 
lieved that  these  were  old  pycnidia  into 
wliici)  raycehum  had  grown  and  pro- 
duced there  the  brown  septate  bodies. 
The  latter  are  usually  devoid  of  contents, 
but  this  is  not  always  the  case.  Some- 
times one  cell  is  iilled  with  granular  con- 
tents and  tlie  otliers  are  empty.  Occa- 
sionally one  of  the  former  is  rounded  off. 
These  septate  bodies  have  never  been 
known  to  germinate,  and  it  is  not  be- 
lieved that  tlicy  serve  in  any  way  as  a 
means  of  reproduction.  They  are  in  all 
probability  only  distorted  bits  of  myce- 
lium. 

Stroma.—Oo.  many  mc(Ma,  e.  g.,  com 
meal  and  potato  (see  pp.  18  and  26),  the 
fungus  produces  a  thick,  black  or  yellow,  tou^i,  wrinkled  stroma ' 
(PI.  MI,  fig.  2),  often  covered  with  little  cushionlike  elevations  or 
stidklike  outgrowtlis  (see  p.  19)  first  noticeable  as  tufts  of  aerial 
hypliBB,  They  arc  composed  of  pscudotissue  (fig.  8)  and  often  occur 
on  media  on  whicli  a  stroma  is  not  produced  (PI.  Vil,  fig.  1).  (See 
cultures  on  lime  twigs,  p.  31.) 

CtTLTUKAL  CHARACTEBISTICS  OF  THE  FUNGUS. 

The  fungus  grows  very  well  on  all  of  the  more  commonly  used 
culture  media  and  also  on  many  special  media  on  which  it  was  tried 
in  the  hope  of  obtaining  pcrithecia.  The  cultures  were  always  kept 
at  room  temperature  unless  otherwise  stated.  All  but  the  moat 
recent  work  has  been  done  with  cultures  descended  from  isolations 
from  the  Jamaican  lime  knots  and  in  all  descriptions  this  strain  is 
meant  unless  otherwise  stated  in  the  text. 

Steamed  com  meal. — Com  meal  in  a  100  or  a  l,000-c.-c.  flask  with 
sufficient  water  added  to  make  it  thoroughly  wet  after  sterilization 
is  an  excellent  medium  for  this  fungus.     Usually  the  mycelium  has 
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covered  the  surface  of  the  com  meal  with  a  thin  layer  of  creeping 
hyphte  in  five  or  six  days;  few,  if  any,  erect  hyphs.  At  this  ^e  the 
mycehiim  may  be  white  or  grayish  white  or  it  may  contain  a  greater 
or  less  proportion  of  dark  hyphs.  The  same  filament  may  have 
colorless  and  dark-colored  portions.  Very  frequently  portions, 
sometimes  nearly  the  whole,  of  the  fungous  layer  are  pale  yellow  or 
buff  and  wet-shining,  suggesting  in  appearance  bacterial  growth. 
Very  early  in  the  development  of  a  com-nieal  culture  (not  later  than 
tlie  sixth  day  in  any  of  the  cultures  made  up  to  date)  a  tough  stromatic 
layer  begins  to  form.  This  is  usually  black,  but  portions  may  be 
pale  yellow  or  buff.  It  is  coat«d  with  short  grayish  white  hyphie, 
which  by  the  seventh  day  have  formed  a  soft,  gray,  velvety  surface 
layer.  There  is  usually  an  excellent  fluffy  mar^al  growth  of 
erect  hyphie  0.5  to  0.75  cm.  long  growing  on  the  sides  of  the  ffask 
and  later  forming  a  stroma  there.  In  cultures  in  liter  flasks  there 
is  often  a  clear  amber-colored  exudate  after  about  eight  or  nine 
days  of  rapid  growth.  The  surface  of  the  stroma,  smooth  at  first, 
in  about  three  weeks  becomes  very  uneven  and  often  much  ^Tinkled. 
Cultures  four  weeks  old  frequently  have  little  cushionlike  elevations 
of  tlie  stroma,  many  of  which  have  been  examined  for  pycnidia, 
though  none  have  been  found  in  cultures  of  the  lime-knot  strain  up 
to  this  time. 

The  variation  in  the  color  of  the  stroma  probably  depends  upon 
the  amount  of  moisture,  as  the  yellow  or  buff  stroma  has  been 
observed  only  when  the  fungus  has  been  grown  in  liter  flasks  or 
when  the  lOO^j.-c.  flasks  have  been  supplied  with  rubber  caps.  Bite 
of  yellow  and  black  stroma  transferred  to  liter  flasks  of  com  meal 
produced  a  stroma  the  greater  part  of  which  in  both  cases  was  pale 
yellow.  This  was  also  true  of  black  stroma  from  a  potato-agar 
culture  which  was  transferred  to  a  100-c,-c.  flask  with  a  mbber  cap. 
In  this  case  the  entire  stroma  was  approximately  buff  colored  wiih- 
out  a  trace  of  black.  The  surface  hyplise  remained  a  pine  white 
without  the  slightest  grayish  tinge  during  the  entire  time  it  was  under 
observation  (31  days).  Transfers  from  this  stroma  to  lOO-c.-c. 
flasks  produced  the  characteristic  black  stroma  and  gray  surface 
hyphte  in  seven  days  in  the  flask  without  a  mbber  cap,  while  in  the 
flask  supphed  with  the  cap  there  was  not  the  slightest  trace  of  black 
or  gray  at  the  end  of  12  days,  although  a  good  buff-colored  stroma 
had  been  produced.  When  the  flasks  were  examined  ttiree  days 
later  the  cap  had  spUt  and  dropped  off  and  the  mycelium  had  a 
decided  gray  tinge.  In  two  lOO-c.-c.  flask  com-meal  cultures  inocu- 
lated with  black  stroma  from  a  potato  culture  there  was  a  very  slight 
grayish  tinge  ih.  both  surface  hyphee  and  stroma  in  seven  days  in  the 
flask  witli  the  rubber  cap,  but  the  difference  between  this  flask  and 
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the  check  (no  cap)  was  marked.  The  latter  contained  the  typical 
black  stroma  with  a  coating  of  gray  hyphie. 

Warty  hyphie  occur  quite  frequently  in  the  black  stroma  (obaerved 
in  cultures  6  days  old),  but  they  are  not  very  abundant.  .Both  dark 
and  colorless  hyphse  vary  greatly  in  size  and  frequency  of  septaevea 
in  young  cultures.  Aerial  hyphte  in  a  culture  7  days  old  Taried 
from  2  to  8  /t  in  diameter.  The  coarse  filaments  were  many  septate, 
often  being  divided  into  isodiametric  cells  with  bulging  lateral  widls. 
As  the  cultures  grow  older,  the  hyphie,  both  in  the  surface  layer  and 
the  stroma,  usually  become  very  much  distorted  and  contain  many 
chlamydosporelike  swellings.  In  a  culture  5i  months  old  moat  of 
the  aerial  hyphse  were  dark  brown,  slender,  and  more  or  less  bristle- 
like, resembling  those  in  a  corn-meal  culture  of  Lasiodiplodia  tuhericola 
of  the  same  age.  There  were  also  some  much  coarser  filamente 
divided  into  isodiametric  cells  with  bulging  lateral  walla.  {PI.  VIII, 
fig.  9.) 

Orange-knot  strain  on  steamed  com  meal. — Comparative  cultures 
were  made  of  the  lime  strain  and  of  that  isolated  from  the  orange  knot 
in  January,  1909.  The  orange  strain  made  a  growth  which,  though 
resembling  that  of  the  lime  strain  both  macroscopically  and  micro- 
scopically, was  much  more  copious.'  The  orange  strain,  however, 
produced  pycnidia.  The  first  pycnidia  discovered  were  in  flask 
cultures  four  months  old.  The  cushionlike  elevations  of  the  stroma 
which  had  appeared  during  the  first  four  weeks  had  increased  very 
much  in  size,  some  of  them  having  developed  into  stalklike  out- 
growths about  4  mm,  high  and  more  or  less  branched  Clavarialike. 
Many  of  these  were  honeycombed  with  chamberlike  pycnidia,  all  of 
which  with  one  exception  were  immature.  In  one  case  a  pycnidiiun 
was  found  which  was  filled  with  large,  colorless,  one-celled,  ovoid 
spores,  but,  although  a  .great  number  of  sections  were  cut,  not 
another  pycnidium  containing  s[>ores  could  be  found,  nor  did  all  the 
stalklike  outgrowths  contain  even  immature  pycnidial  chambers. 
The  cultures  were  examined  from  time  to  time  during  the  weeks 
following,  but  it  was  not  until  two  months  later  that  spores  were 
found  again.  At  this  date  there  were  many  mature  pycnidia,  and 
spores  had  been  dischaiged  in  cirri.  These  cirri  were  2  to  3  mm, 
long  and  yellowish,  but  later  observations  of  fruiting  cultures  show 
that  the  spore  tendrils  are  usually  pure  white  when  first  dLschaiged 
from  the  pycnidium.  Many  of  the  spores  in  the  cirri  were  se])tat6 
(one  to  two  septa)  and  were  germinating.  Some  of  them  had  put 
forth  two  germ  tubes.  By  no  means  were  all  of  the  germinating 
spores  septate,  however.     Occasionally  a  spore  which  was  not  ger- 
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nunating  was  found  with  one  or  two  septa.  Rarely  a  two-ceUed 
spore  occurred  which  was  slightly  constricted  at  the  septum.  Two- 
septate  spores  were  sometimes  divided  into  two  small  terminal  cells 
and  a  larger  central  one.  The  spores  measured  20  to  36  /<  by  8  to 
12  /I.    The  majority  were  about  32  by  8  p. 

In  addition  to  the  large  ovoid  spores  these  6-months-old  cultures 
contained  in  the  same  stalklike  outgrowths  of  the  stroma  numerous 
tiny,  cylindrical,  colorless,  continuous,  sporelike  bodies — so-called 
spennatia.  These  were  produced  either  in  separate  pycnidia  or 
sperma^nia  buned  in  the  stroma  or  were  present  in  great  numbers 
in  the  same  pycnidia  as  the  large  ovate  spores.  They  were  cut  oiT 
from  long  slender  basidia  arranged  radially,  and  measured  4  to  8  ;i 
in  length  and  1  /(  or  less  in  diameter.  The  interior  of  the  sperma- 
gonium  was  sometimes  convoluted  so  that  there  were  several  centers 
of  radiation.  The  germination  of  these  small  sporelike  bodies  has 
not  been  observed. 

In  l,000-c.-c.  corn-meal  flasks  inoculated  from  these  lOO-c.-c.  flask 
cultures  containing  spores,  the  pycnidia  developed  much  more 
rapidly,  i,  e,,  within  seven  weeks.  The  little  tufts  of  hyphse  were 
ol^erved  in  six  days  and  in  eight  days  looked  Ukc  httle  woolly  balls 
and  were  1  to  2  mm.  in  diameter.  They  grew  very  rapidly,  some- 
times doubling  in  size  in  24  hours.  Sections  of  these  made  the  eight- 
eenth, twenty-third,  and  twenty-ninth  days  revealed  the  presence 
of  inmaature  pycnidia,  but  no  spores  were  found  until  the  forty- 
eighth  day,  at  which  time  they  were  present  in  abundance,  A  very 
few  of  them  were  two-celled  and  occasionally  one  was  germinating. 
Two  days  later  the  spores  were  being  discharged  in  cirri.  In  some 
of  the  cirri  the  majority  of  the  spores  were  two  to  three  celled  and 
were  germinating;  in  others  few,  if  any,  had  put  forth  a  germ  tube, 
and  a  septate  spore  was  rarely  observed.  .  Plates  were  poured  from 
the  pycnidia,  and  potato  cylinders  were  inoculated  with  single  spores 
germinating  on  those  plates.  It  was  one  of  these  potato  cultures, 
originating  from  a  single  spore,  which  was  used  for  the  orange-strnin 
inoculations  of  July  21,  1909  {see  p.  54),  In  the  potato  cultures 
mature  pycnidia  were  found  in  four  days,  and  in  a  liter  com-meal 
flask  inoculated  from  the  potato  culture  used  for  inoculation  on  July 
21,  1909,  pycnidia  were  present  and  dischaiging  spores  within  seven 
d^ys.  Thus  a  vigorously  fruiting  strain  has  developed  from  the 
orange-knot  strain.  The  pycnidia  on  com  meal  are  merely  cham- 
bers in  the  stroma  and  have  no  distinct  pycnidial  wall.  They  are 
supplied  with  an  ostiole  and  usuaDy  have  a  short  neck  which  pro- 
trudes slightly  above  the  surface  of  the  substratum.  The  stalklike 
projections  of  the  stroma  were  observed  only  in  the  small  flasks 
(ino-c.-c.)  in  which  there  was  less  moisture  and  the  development  was 


3yGOO^^IC 


CULTCBAL  CHAKACTEBISTICS  OF  THE  FUNQtlS.  21 

slower.  In  the  liter  flasks  the  pycnidia  were  produced  in  any  por- 
tion of  the  thin,  wrinkled  stroma  or  in  cushionlike  elevations  of  it 
first  noticeable  aa  little  tufts  of  hyphie.  The  pycnidia  were  Tisible 
to  the  naked  eye  as  tiny  raised  points  thickly  dotting  the  surface, 
although  they  were  sometimes  more  or  less  concealed  by  the  velvety 
gray  surface  growth  of  aerial  hyphse. 

Prune  agar. — On  this  medium  there  is  good,  but  by  no  means 
copious,  growth.  The  fungus  covers  the  surface  of  the  slant  or  plate 
with  a  thin  layer  composed  for  the  most  part  of  horizontal  hyphse. 
At  the  advancing  edge  there  occurs  in  a  few  days  a  more  dense 
growth  consisting  of  short,  branching,  erect  hyphte,  frequently  in 
httle  tufts.  In  plate  colonies  that  have  attained  the  size  of  the  plate, 
these  hyphiB  often  form  a  mai^al  ring  0.5  to  1,5  cm.  in  width. 
They  may  also  be  scattered  sparingly  over  the  entire  surface  but  are 
not  easily  observed  with  the  naked  eye. 

Plates  9  cm.  in  diameter  containing  a  single  colony  (inoculated  in 
the  center  with  a  bit  of  mycehum)  were  covered  by  the  fungus  in  14 
to  18  days  (temperature  20°  to  25°  C).  The  average  growth  per 
24  hours  for  the  first  seven  days  was  seven-eighths  of  a  centimeter 
and  was  at  a  comparatively  uniform  rate  for  each  colony.  The 
most  rapidly  growing  colony  averaged  1  cm.,  and  the  one  making  the 
least  growth  0.75  cm.  per  24  hours.  Colonies  concentrically  ringed. 
(PI.  IX,  fig.  3.) 

The  pure  white  of  very  young  cultures  changes  in  a  few  days  to 
grayish  white  and  finally  to  black,  with  the  exception  of  the  aerial 
hyphte,  which  usually  remain  grayish  white.  The  dark  color  has  a 
tendency  to  appear  in  concentric  rings.  Microscopical  examination 
reveals  the  presence  among  the  horizontal  hyphn  of  filaments  of  all 
gradations  of  color  from  hyalin  to  dark  brown,  often  including  some 
with  a  decidedly  oUvaceous  tinge,  but  the  macroscopical  appearance 
of  an  old  culture  as  a  whole  is  black,  although  in  plate  cultures  the 
olivaceous  tinge  is  noticeable  to  the  naked  eye. 

The  hyphse  vary  greatly  in  size,  amount  of  branching,  frequency 
of  septa,  and  in  general  form.  In  some  instances  the  septa  are  very 
infrequent,  in  others  the  ceUs  are  nearly  isodiametric.  A  large 
proportion  of  the  branches  come  off  at  right  angles  to  the  main  fila- 
ment, but  they  may  be  at  any  angle.  The  cell  walls  may  be  straight 
or  undulating,  and  frequently  the  hyphse  are  twisted  imperfectly 
into  loose  or  closer  spirals.  These  undulating  and  spirally  twisted 
hyphiB  are  often  very  noticeable  in  old  cultures  (three  to  four  weeks), 
although  they  have  been  observed  in  cultures  2  days  old.  The 
hyphffl  are  often  very  much  distorted  and  chlamydosporelike  swell- 
ings are  of  very  common  occurrence,  especially  in  filaments  growing 
in  the  agar.    The  latter  may  occur  in  cultures  of  any  age.    Swollen 
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hyalin  cells  may  occur  in  brown  hyph«  and  vice  versa.  Sometimes 
these  swollen  cells  are  densely  filled  with  protoplasm,  but  they  do  not 
possess  a  wall  thicker  than  that  of  the  rest  of  the  filament  and  in  all 
probability  do  not  function  as  true  cblamydospores. 

Early  in  the  growth  of  a  prune-agar  culture,  sometimes  in  two 
days,  interwoven  hyphse  may  be  observed.  Primary  or  secondary 
branches  from  the  same  or  a  neighboring  hypha  twine  about  the  main 
filament.  On  slant  agar  these  little  tangles  of  hyphte  increase 
rapidly  in  size  until  (if  they  have  turned  dark  in  color  in  the  mean- 
time) they  are  visible  to  the  naked  eye  as  distinct,  opaque,  black  bodies 
resembling  pycnidia.  Such  bodies  have  been  observed  in  pnme-agar 
slants  5  days  old.  These  masses  of  hyphse  may  be  elongated  or 
irregular  in  shape  but  are  most  commonly  approximately  round. 

Measurements  taken  from  these  bodies  in  a  slant  13  days  old  varied 
from  40  to  136  /i.  In  plates  the  growth  of  these  masses  is  much  less 
rapid  and  in  plate  cultures  4  weeks  old  the  individual  hyphw  com- 
posing them  could  easily  be  distinguished.  In  a  slant  8  months  old 
a  cellular  tissue  had  formed  very  similar  to  the  peridium  of  a  pycnid- 
ium  or  perithecium,  but  in  no  case  have  these  bodies  been  found 
to  contain  spores,' 

The  myceUum  grows  down  into  the  agar  but  forms  no  stromatic 
layer  on  this  medium.  In  old  cultures  the  agar  is  so  densely  invaded 
by  the  black  hyphse  that  the  whole  is  converted  into  a  black  mass. 

Beef  agar. — On  nutrient  peptonized  beef  agar  +15,  there  is  fairly 
'  good,  though  somewlmt  restricted,  growth.  Colonies  attain  the 
average  size  of  7  cm.  in  three  to  four  weeks,'  while  on  slant  agar 
the  growth  is  very  compact  and  spreads  slowly.  On  plates  tiiere  is 
never  a  sufficient  massing  of  the  hyphie  to  render  the  colony  black  as 
a  whole,  the  color  never  being  darker  than  a  deep  brown  in  the  darkest 
portions.  Colonies  four  weeks  old  were  light  brown,  the  darker  poi^ 
tions  corresponding  with  more  or  less  uniformity  to  the  concentric 
rings.  There  are  a  few,  short  (1  to  2  mm.),  erect,  grayish  white, 
somewhat  matted,  aerial  hyphse,  more  abundant  near  the  center  of 
the  colony. 

Unlike  their  behavior  on  prune  agar,  on  tubes  of  slant  beef  ^;ar  the 
hyphse  penetrate  the  substratum  little,  if  any,  but  form  on  the  surface 
of  the  medium  a  tough,  black  stromatic  layer  covered  with  short, 
grayish  white  hyphse,  erect  at  first,  but  becoming  more  or  less  matted. 
This  layer  is  formed  in  about  a  week  aii<l  may  become  one-half  of  a 
millimeter  in  thickness,  but  extends  over  only  about  one-third  of  the 
slant,  which  may  or  may  not  be  covered  by  a  thin  layer  of  mycelium. 
In  old  cultures  (4  weeks)  the  cells  of  tlie  liyphse  composing  the  stroma 
are  much  swollen  and  distorted. 
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As  on  prune  agar,  the  hyphie  vary  widely  in  size,  color,  and  fre- 
quency of  septa.  Coiling  filaments,  filaments  with  undulating  walls, 
and  fusion  of  hyphee  are  frequent  and  sometimes  in  old  cultures  (4 
weeks)  the  ends  of  the  hyphss  are  much  swollen. 

A  striking  characteristic  of  the  mycelium  grown  on  this  medium 
is  the  occurrence,  with  more  or  less  frequency,  of  thickenings  on  the 
outside  of  the  walls,  giving  a  warty  appearance  to  the  filament. 
These  warty  hyphie  have  been  observed  in  young  and  old  cultures, 
on  plates  and  slants,  and  in  aerial  and  stromatio  hyphse.  (PI.  IX, 
fig- 5.) 

Interwoven  hyalin  hyphe  are  of  frequent  occurrence  in  young  cul- 
tures, but  they  increase  very  little  in  size  and  do  not  develop  into 
black  pycnidialike  bodies  visible  to  the  naked  eye,  as  do  the  similar 
knots  of  hyphse  on  prune  agar.  (See  p.  22.)  None  have  been  ob- 
served too  dense  to  distinguish  the  individual  filaments.  (PI.  IX, 
fig.  6.) 

A  striking  cliaracteristic  of  tlie  colonies  on  beef-agar  plates  was  the 
occurrence  of  chains  of  swollen,  colorless,  clilamydosporelike  cells  (PI, 
IX,  fig.  1),  particularly  abundant  near  the  mai^in  of  the  colony. 
The  majority  of  these  were  thick  walled  and  resembled  true  chlamy- 
dospores.  No  brown  ones  were  observed  except  in  brown  hyphie. 
Swollen  cells,  sometimes  full  of  protoplasm,  sometimes  nearly  empty, 
are  commonly  present  in  all  stages  in  old  and  young  cultures  both  on 
slant  agar  and  in  plates,  but  those  described  resemble  true  cldamy- 
dospores  much  more  closely  than  any  others  observed  on  this  medium 
or  on  prune  agar. 

Potato  agar. — Potato  agar  affords  a  most  excellent  medium  for  the 
lime-knot  fungus.  In  one  set  of  seven  slant  cultures  two  days  after 
inoculation  there  was  a  luxuriant  fluffy  white  growth  of  erect  hyphse 
about  2  mm.  long,  covering  an  area  about  1}  cm.  in  diameter.  Twenty- 
four  hours  later  the  growth  had  doubled,  the  erect  hyph«  measured 
3  to  5  mm.,  and  tliere  was  a  thin,  barely  visible  layer  of  horizontal 
hyphie  extending  beyond  the  mass  of  erect  filaments.  In  four  days 
the  mycelial  growth  still  presented  a  downy  appearance,  but  was 
becoming  somewhat  matted.  Five  days  after  inoculation  the  growth 
next  to  the  agar  in  the  lower  part  of  the  slant  was  black  and  had 
formed  a  compact,  tough  stromatic  layer.  In  some  tubes  this  layer 
was  covered  with  a  thick,  more  or  less  matted  coating  of  white  or 
grayish  white  aerial  hyphte,  while  in  others  the  latter  had  become 
a  part  of  the  black,  compact,  stromalike  mass,  which  had  a  finely 
roughened  surface  and  contained  a  few  tiny,  round,  dense  masses 
(visible  by  transmitted  light)  resembling  the  pycnidialike  bodies  on 
prune  agar.  No  pycnidia  were  ever  found.  The  fruiting  strains  dis- 
covered after  this  work  was  done  have  not  been  grown  on  slant 
potato  agar. 
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Sometimes  the  cultures  undergo  tlie  clianges  noted  less  rapidly, 
e.  g.,  in  two  other  sets  of  cultures  there  was  still  a  thick,  fluffy,  white, 
surface  growth  of  erect  Iiyphse  after  10  days,  with  only  a  tinge  of  gray 
in  some  of  the  older  liyphie.     Growth  sometimes  colony-wise. 

Growtli  of  the  lime-knot  strain  on  +6,  +8,  and  neutral  potato 
agar,  Fuller's  scale  (PI.  VII,  fig.  4),  varied  little,  if  any,  but  the 
orange  strain  isolated  from  knots  on  orange  made  a  much  hetter 
growth  on  the  +S  ^ar  than  on  the  neutral  agar  fPl.  \11,  fig.  5) 
and  also  grew  more  rapidly  on  the  former  tlian  the  lime-knot  strain.* 
There  was  no  penetration  of  the  agar  hy  the  hypha?,  nor  was  the  agar 
stained. 

('olonies  on  potato-agar  plates  attained  a  diameter  of  1 ,5  to  2  cm. 
in  4R  hours.'  Growth  quit*  dense,  hut  composed  of  horizontal  hyphK 
witli  the  exception  of  a  manjinal  ring  of  erect  hyphse  about  1  mm. 
long.  In  two  weeks  the  colonies  were  7  to  8  cm.  in  diameter  and  stiJl 
white  witli  the  exception  of  a  black  ring  near  tlie  margin.  The  dark 
color  was  first  noticeable  in  11  or  12  daj-s. 

In  very  young  slant  cultures  many  of  the  hyphte  are  ratlier  coarse 
(4  to  8  /(},  have  a  very  few  septa,  often  have  undulating  walls,  and 
frequently  are  coiled  into  rings  or  spirals.  There  are  also  mauy  very 
fine  filaments  not  exceeding  1  /i  in  width.  A  few  days  latermany  of  tlie 
filaments  are  considerably  distorted  and  the  septa  are  more  frequent. 

In  very  old  cultures  (8  montlis)  coarse,  many-septate  filaments 
(PI.  VIII,  fig.  10)  and  very  much  distorted  hyphie  (both  liyalin  and 
colored)  are  very  common.  Some  of  tlie  colored  filaments  are  di- 
vided into  approximately  iso<liametric  cells  witli  slightly  bulging 
lateral  walls.  Fused  and  warty,  colored  hyplue  are  also  of  common 
occiirrencc.  (PI.  VIII,  figs.  7  and  S.)  Tlie  color  is  in  the  cell  wall; 
hence  the  warts,  being  much  thicker  and  therefore  blacker  than  the 
rest  of  the  wall,  give  to  the  hyphfo  a  mottled  appearance. 

In  young  colonies  on  plates  the  hypha;  are  curling  and  often  so 
thickly  besot  witli  short  branches  that  they  have  almost  a  spiny 
appearance. 

In  plates  poured  from  spores  from  the  fruiting  orange-knot  strain, 
the  spores  germinated  (PI.  VIII,  fig.  4)  and  in  many  cases  produced 
very  long,  much-branched  hypha;  in  less  than  24  hours.  In  five  days 
mature  pycnidia  were  present  in  abundance.  Tliey  formed  most 
thickly  on  the  margms  of  the  colonics  and  made  a  solid  marginal  ring. 
(PI.  IX,  fig.  2.)  No  spermatia  were  fouml  when  the  plates  were  3 
weeks  old,  but  later  (41  days)  tlicy  were  present  in  abundance.  At 
this  date  some  of  tlie  lai^e  ovoid  spores  were  one  to  two.septats. 

Conir-meril  agar. — Vcrj-  poor  growth  on  this  medium.  Surface  of 
the  slant  barely  covered  in  a  week  with  a  tliin,  almost  invisible  myce- 

1  The  mor*  rapid  groivth  gf  ilic  ornngi.'  strain  waa  probably  due  10 11a  more  leoeat  taolsUon. 
<  Eacb  plaW  oonUlned  a  single  colonj-. 
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lial  layer  of  horizoDtal  hyphse.  lu  two  cultures  5  weeks  old  one  con- 
tained sufficient  colored  hyphte  to  give  a  decidedly  greenish  black 
tinge  to  the  lower  half  of  the  slant,  while  in  the  second  tube  barely 
a  trace  of  color  was  visible.  No  interwoven  hyphffi  were  observed 
and  few  chlamydosporeUke  swellings.     There  was  no  stromatic  layer. 

Colonies  in  plates  of  this  medium  were  6  to  7  cm.  in  diameter  (5 
weeks)  and  had  made  no  growth  after  the  third  week.'  A  few  aerial 
hyphie  were  in  the  central  portion.  About  one-half  to  two-thirds  of 
the  hyphte  {5-weeks-old  colonies)  were  colored,  practically  all  the 
color  ha\-ing  appeared  after  the  colonies  ceased  to  increase  in  size. 

Hyphee  rather  straight  for  the  most  part  and  very  much  less  dis- 
torted than  on  prune  or  beef  agar.  Filaments  in  plate  5  weeks  old 
meo-sured  2  to  4  /t  in  diameter.  Found  a  very  few  of  the  warty 
hyphse  described  under  growth  on  beef  agar. 

Silica  je%,'— Poor  growth.  In  five  days  the  mycelium  covered  an 
area  6  to  8  mm,  in  diameter.  Hyphte  short,  rising  above  the  surface 
■scarcely  1  mm.,  but  penetrating  the  substratum  to  a  depth  of  2  to  3 
nun.  In  eight  days  the  area  of  growth  was  about  12  to  20  mm,  in 
diameter.  Color,  dark  gray.  In  16  days  there  had  been  only  a  very 
slight  increase  in  growth.  The  margin  of  the  colony  was  white  or 
nearly  so,  while  the  central  portion  was  nearly  black. 

In  cultures  5  years  old  there  was  a  tough  black  stroma  about  0.5  mm, 
thick,  covered  by  a  thin  brownish  gray  mycelial  layer.  No  chlamy- 
dospores  or  pycnjdia  were  found. 

Nutrient  gelaiin  slants. — There  is  slow  liquefaction  of  gelatin  by 
both  the  lime  and  orange  strains  (fruiting  and  nonfruitiug),  the 
slowness  being  due  in  part,  no  doubt,  to  the  temperature  of  the  ice 
thermostat  in  which  the  cultures  were  kept.  The  temperature  ranged 
from  15.5°  to  20°  C.  and  averaged  17.5°  C,  which  is  far  below  the 
optimum  for  this  fungus  (see  p.  36).  Within  24  hours  11  out  of  22 
cultures  showed  a  sunken  area  beneath  the  inoculating  material, 
varying  from  a  slight  depression  to  a  pit  2  or  3  mm.  deep.  There  were 
no  signs  of  growth  in  any  of  the  cultures.  After  six  days  there  were 
still  two  tubes  that  showed  no  signs  of  liquefaction.  In  10  days, 
however,  there  was  at  least  a  small  pit  in  all  the  cultures.  On  the 
sixteenth  day  the  amount  of  liquefaction  varied  from  a  small  pit 
about  1  mm.  deep  (lime  strain)  to  about  three-fourths  of  the  gelatin 
(fruiting  orange  strain).  Most  of  the  tubes  contained  deep  pits  and 
considerable  liquid  gelatin.  The  fruiting  orange  strain  had  led  in 
the  amount  of  liquefaction  from  the  beginning.  With  the  exception 
of  a  few  tubes  the  growth  on  the  sixteenth  day  was  restricted  to  a 
new  outgrowth  of  short  hyphse  on  the  bit  of  stroma  used  for  inocula- 
tion.    In  the  fruiting  orange  strain,  however,  the  liquid  gelatin  was 
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neariy  full  of  fluffy  white  mycelium  and  in  one  of  these  tubea,  on  the 
surface  of  the  slant  above  the  liquid,  there  was  an  area  of  dark-gray 
growth  (0.5  by  1  cm.)  of  creeping  hyphee  on  which  Uttle  custiionlike 
eleTati(Hia  were  forming.  In  one  of  the  cultures  of  the  nonfruiting 
orange  strain  the  deep  pit  which  had  formed  was  lined  with  a  good 
white  growth  of  creeping  hyphte  covering  an  area  about  2  by  2.5  em.  in 
extent. 

In  Id  days  one  of  the  fruiting  orange  strain  cultures  had  formed  a 
partial  dark-gray  peUicle  composed  of  hyphse  full  of  chlamydospore- 
hke  swellings. 

All  of  the  gelatin  in  all  of  tlie  tubes  liquefied  in  3S  days. 

Steafted  potato  cylinders. — Excellent  growth.  The  third  day  (65 
houis)  there  was  a  thin  white  mycelial  layer  coverii^  about  one-third 
the  surface  of  the  potato  above  the  water.'  Twenty-four  hours 
later  the  whole  of  the  potato  above  the  water  was  covered  with  a  thick 
downy  white  growth  of  feathery  hyplue  4  to  10  mm,  long  (24,5*"  C). 
The  sixth  day  the  mass  of  erect  hyphse  was  decitledly  gray,  with  the- 
exception  of  the  youngest  filaments,  and  was  becoming  somewhat 
matted,  while  next  to  the  surface  of  tlie  potato  a  black  stroma  about 
one-third  of  a  millimeter  thick  had  formed  at  the  base  of  the  slant 
next  to  the  walls  of  the  tube.  Microscopical  examination  showed 
the  presence  of  many  swollen  cells  in  the  hyphfe  both  Uk  the  stroma 
and  in  the  surface  growth.  Individual  filaments  oUvaceous  or  hya- 
Un,  gray  or  black  (in  stroma)  in  mass.  Great  variation  in  size  of 
hyphie.  Some  coarse  brown  filaments  with  nearly  isodiametric  cells 
among  the  erect  hyphte. 

Wlien  the  cultures  were  3  weeks  old  the  potato  cylinders  were 
practically  covered  with  a  thick,  wrinkled,  black  stroma  coated  by  a 
thin,  matted  layer  of  grayish  whife  liyplite.  Two  weeks  later  portions 
of  this  external  layer  were  nearly  black,  wliile  others,  a  more  recent 
growth,  were  wliite  (PI.  VII,  fig.  2).  Small  portions  of  the  stroma 
were  wliite  and  others  were  cream  buff  (Ridgway's  Nomenclature  of 
Colors),  In  one  set  of  cultures,  4  weeks  old,  of  tlie  lime-knot  str^n, 
there  were  cushionlike  elevations  of  tlie  stroma  2  to  5  mm.  in  diameter. 
These  were  full  of  pycnidialike  chambers,  but  no  spores  were  present. 
No  spores  have  been  found  upon  potato  except  in  cultures  made 
from  the  fruiting  orange  strain. 

Potato  cultures  3  weeks  old  were  tested  with  potassium  iodid  for 
starch,  A  microscopical  examination  was  made  of  the  tissues  so 
treated.  Aside  from  a  very  faint  purphsh  stain  in  a  few  cells  there 
was  no  reaction  in  any  portion  of  the  potato  which  was  covered  by 
the  stroma.  The  tissue  of  the  potato  was  penetrated  by  hyalin 
hyphie  and  was  much  softened.  The  hyphte  in  the  tissue  were  much 
distorted  and  full  of  chlamydosporelike  swellings  (PL  IX,  fig.  4). 

I  arawth  Is  KnDeUain  mncli  more  npld  thwi  tbli  (PI.  vn,  Og.  3}. 
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Orange  strain  on  potato  cylinders. — The  second  isolation  of  the 
orange  striun  (isolated  July  22,  1909,  from  a  Jamaican  knot  received 
in  January)  behaved  on  potato  in  the  same  manner  as  the  lime  strain, 
making  an  excellent  growth  and  producing  a  thick,  tough  stroma. 
No  spores  have  been  found  in  the  cultures,  although  this  strain  has 
produced  pycnidia  on  the  host.  (See  orange-strain  inoculations  of 
July  29,  1909,  p.  58.) 

The  fruiting  orange  strain,  however  (see  orange  strain  on  com 
meal,  p.  20),  in  all  cultures  that  were  fruiting  abundantly  produced 
instead  of  a  thick,  tough  stroma  a  thin,  cruatlike  layer  consisting 
mostly  of  pycnidia.'  The  pycnidia  appeared  in  great  numbers  in 
three  or  four  days,  closely  crowded  together,  and  were  almost  con- 
cealed at  first  by  the  surface  hyphse.  In  five  or  six  days  little  round 
white  masses  of  discharged  spores  dotted  the  surface  of  the  culture. 
Some  of  the  spores  in  cultures  eight  days  old  were  pale  yellowish, 
but  by  far  the  majority  wero  colorless.  In  cultures  39  days  old 
spermatia  were  present  in  abundance.  These  were  not  olraerved 
when  the  cultures  were  20  days  old. 

Sometimes  there  is  little  more  than  the  pyciiidium  wall  separating 
the  pycnidia.  Sometimes  the  pycnidium  is  surrounded  by  a  well- 
defined  subiculum.  The  fungous  layer  is  thin  and  easily  broken  or 
crushed,  in  marked  contrast  to  the  thick,  tough  stromatic  layer  in 
cultures  of  the  lime  strain  and  the  nonfniiting  orange  strain.  The 
surface  of  the  mycehal  layer  is  thickly  dotted  with  the  necks  of  the 
pycnidia  wliich  protrude  sliglitly  above  it.  Some  of  the  pycnidia 
have  necks  nearly  as  long  as  the  body  of  the  receptacle  and  are  truly 
flask  shaped,  wlule  others  are  nearly  spherical  and  still  others  sphere 
oidal.  These  all  usually  taper,  at  least  sliglitly,  toward  the  ostiole 
through  wliich  the  spores  are  discharge<l.  Occasionally  the  wall  is 
so  thin  that  it  is  transparent  and  the  spores  are  visible  within.  In 
old  cultures  (41  days)  there  were  jnany  one  to  two  septate  spores, 
although  tlie  majority  wore  continuous.  One  with  four  septa  was 
observed.  Many  of  the  brown  septate  bodies  (see  p.  16)  were 
present  also  (PI.  VIII,  fig.  5), 

Steamed  baTunut  cylinders. — Moderate  amount  of  growtli  in  seven 
days  as  a  thin,  delicate,  wliito  layer,  covering  the  slanted  portion  of 
the  cylinders.  Banana  plainly  visible  through  the  fungous  growth. 
Compact  matUke  growth  covering  the  fluid. 

In  cultiu'es  5  years  old  large,  brown,  tliick-walled  chlamydospores 
were  present  in  abundance.  These  were  one  to  several  celled  with 
walls  in  various  planes  and  were  often  very  irregular  in  shape  (fig,  6). 
There  were  also  some  tliick-walled  colorless  chlamydospores.    Stroma- 

(ougb  sUomi  ws*  prDduced,  and  In  this  mxt 
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like  layer  a6out  1  mm.  thick  covered  by  a  feltlike  layer  varying  in 
color  from  light  brown  or  grayish  white  to  black.  No  pycnidia 
found. 

Steamed  apple  cylinders. — Good  growth.  In  cultures  8  days  old 
the  cylinders  were  entirely  or  partially  covered  with  a  rather  thin 
dark-brown,  nearly  black,  myceUal  layer.  The  erect  hyphte  extended 
4  to  6  mm,  above  the  substratum.  There  was  a  decided  browning 
(tawny,  Ridgway's  Nomenclature  of  Colors)  of  the  apple  which 
extended  beyond  the  fungous  growth.  The  apple  in  the  check  tube 
was  approximately  Ridgway's  cream  buff. 

In  cultures  9  months  old  the  mycehal  layer  was  about  2  mm. 
thick,  dark  brown,  and  feltlike,  and  there  were  small  tufts  of  hyph» 
about  2  mm.  in  diameter  in  the  center  of  which  a  small  amount  of 
pseudoparenchyma  had  formed.  Microscopical  examination  waa 
made  of  cultures  at  this  age.  The  hyphee  were  very  dark  brown 
and  comparatively  straight  for  the  most  part,  although  in  some 
instances  the  walls  were  undulating.  Filaments  varied  from  2  to  8  ^ 
in  width,  the  majority  being  about  3  fi  wide.  Septa  frequent.  Warty 
hyphse  present.     No  swellings  observed  in  the  filaments. 

Cultures  18  months  old  and  also  6-year-old  cultures  contained  largo, 
brown,  one  to  several  celled  chlamydospores,  resembling  those  on  old 
banana  cultures.  Many  warty  hyphee  and  hjphas  divided  into 
approximately  isodiametric  colla  were  present  in  these  old  cultures. 
No  pycnidia  were  found. 

Steamed  carrot  cylinders. — Steamed  carrot  is  an  excellent  medium 
for  tliis  fungus.  Abundant  white  growth  in  four  days.  Hyph«e 
rising  several  millimeters  above  the  substratum  giving  a  woolly 
appearance  to  the  cultures.  In  eight  days  the  growth  was  light 
gray  and  tufted.  Sixteen  days  after  inoculation  the  mycehum  had 
become  a  i^arker  gray  and  was  matted  into  a  feltlike  layer  in  places. 
No  change  in  the  color  of  the  medium. 

In  cultures  5  years  old  a  few  pycnidia  were  found.  There  was  a 
ratlier  thin  tough  stroma  covered  by  a  dark-brown,  feltlike  matted 
layer  of  aerial  hyphtp.  There  were  a  very  few  large,  brown,  one  to 
several  celled  clilamydospores  like  those  described  in  old  banana 
cultures.  In  some  of  the  cultures  long  chains  of  chlamydoaporelike 
swellings  were  found  in  abundance  (fig.  7).  Some  of  these  were 
brown  and  some  were  colorless,  with  coarsely  granular  contents. 
Usually  only  cross  walls  occurred,  but  occasionally  a  longitudinal 
septum  was  found.  Walls  thin.  Warty  hyphse  present.  Warts 
very  large,  as  on  lime-wood  cylinders.     (See  p.  31.) 

Steamed  macaroni  cyli-nders. — Good,  though  rather  slow,  growth. 
In  four  days  there  was  very  slight,  barely  visible  growth,  hypliffl 
rising  very  little  from  tlie  substratum.  In  12  days  all  of  the  mac- 
aroni above  the  water  was  covered  by  a  thin,  daik-gray,  feltlike 
2"  rui,z...vCooi^lc 


CULTUBAI.  CHABACTEEISTICS  OP  THE  FUNGUS.  29 

mycelial  layer.  Iq  four  weeks  the  fungous  layer  had  become  1.5  to 
3.5  mm.  thick,  and  varied  in  color  from  grayish  to  nearly  black. 
The  filaments  varied  in  diameter  from  3.5  to  7.5  fi,  tlie  finer  hyphse 
being  the  more  common. 

In  cultures  5  years  old  the  substratum  was  covered  by  a  thin, 
tough,  black,  stroma  with  a  thin,  dark-brown,  feltlike  superficial 
layer  of  hyph».    No  pycnidia  or  clilamydospores  were  found. 

Steamed  omiige  rind. — ^In  seven  days  tlie  fungus  had  covered  the 
greater  part  of  the  surface  with  a  tliin  layer  of  mycelium,  white  for 
the  most  part  but  turning  dark  in  portions.  In  some  of  the  tubes 
tiny  spherical  bodies  resembling  those  described  on  lime-wood  cylin- 
ders (see  p.  31)  were  present  when  the  cultures  were  10  weeks  old. 

A  very  few  pycnidia  from  whicli  the  large,  hyalin,  one-celled  spores 
had  been  discharged  in  cirri  were  found  in  a  culture  17^  months  old 
and  also  in  one  5  years  old.  No  clilamydospores  obser^'cd.  Mycelium 
grayish  to  dark  brown.     Thin,  black  stroma. 

Steamed  parsnip  cylindera. — Copious  light-gray  growth  in  eight  days, 
covering  all  portions  of  the  cylinder  above  water.  Erect  hyphte  4 
to  8  mm.  long.  Small  spherical  masses  of  pseudotisauo  like  those 
described  on  lime-wood  cylinders  (see  p.  31)  in  some  of  the  tubes. 

A  few  pycnidia  with  large,  hyalin,  one-celled  spores  discharged  in 
cirri  were  found  in  two  cultures  5  years  old.  These  cultures  also 
contained  a  few  brown  chlamydospores,  chains  of  swollen  colorless 
cells,  and  a  thin,  tough,  blank  stroma  with  a  feltlike  coating  of  dark- 
brown  hj^ihip. 

Steamed  prunes. — Slight  growth  in  two  days,  erect  Jij-phte  rising  1 
to  2  mm.  above  the  substratum.  In  seven  days  there  was  a  thin 
cobweblike  growth  of  long,  branching,  colorless  hypha;,  4  to  5  mm. 
long.  Many  of  these  were  very  coarse  (12  ft  in  diameter)  and  wore 
breaking  up  into  one  to  several  celled  portions,  some  of  whiih  were 
germinating.  Most  of  the  cells  in  these  portions  were  approximately 
isodiametric.  There  was  no  bulging  of  the  lateral  walls.  Sometimes 
the  end  walls  were  rounded,  but  often  they  were  not. 

In  cultures  5  years  old  there  was  a  fairly  good  growth  of  brownish 
gray  mycelium.  No  pycnidia  or  stroma  had  formed.  Many  germi- 
nated fragments  of  colorless  hyphec  were  present,  some  with  thick 
walls  and  some  with  thin.  There  also  were  colored  hj-phte  breaking 
up  in  the  same  manner,  but  none  wore  observed  which  had  germi- 
nated. Lai^e,  brown,  thick-walled  chlamydospores  were  present, 
resembling  those  in  old  banana  cultures,  but  smaller  for  the  most 
part  and  containing  fewer  cells. 

Cultures  of  the  fruiting  orange  strain  produced  a  more  compact 
growth  of  short  colorless  hyphse  and  in  seven  days  were  fruiting 
abundantly.  A  few  septate  spores.  No  long  cobwebby  h3T>ha>, 
No  stroma. 
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In  cultures  of  the  noafruiting  orange  strain  there  were  in  seven  days 
little  tufts  of  short  grayish  hyphfe  dottii^  the  surface  of  the  medium. 
The  interior  of  these  was  composed  of  brown  hyphie  but  no  pseudo- 
tissue  had  formed.  In  both  this  and  the  fruiting  orai^e  strain  some 
of  the  hyphse  had  broken  into  short  fragments,  but  to  a  very  much 
less  d^ree  than  in  the  lime  strain. 

Steamed  salsify  cylvnderg. — Good  growth  on  this  medium.  In  cul- 
tures 8  days  old  the  portion  of  the  cylinder  above  the  water  was  cov- 
ered with  a  thick  feltlike  layer  of  light-gray  mycelium.  In  cultures 
5  years  old  there  was  a  thin,  black  stromatic  layer  covered  with  gray- 
ish brown  hyphte.  Neither  pycnosporea  nor  chlamydospores  were 
observed. 

Steamed  sweet  potato  cylindera. — Good  growth.  In  seven  days  all  of 
the  cylinder  above  the  water  was  covered  with  a  thick  gray  feltUkc 
layer.  In  cultures  9  months  old  the  mycelium  was  very  dark  brown, 
almost  black.  Many  of  the  hyphse  were  divided  into  approximately 
isodiametric  cells  with  bulgiug  lateral  walls.  In  one  of  a  set  of  five 
cultures  5  years  old,  both  pycnospores  and  spermatia  were  found. 
The  pycnospores  measured  16  to  32  ;i  by  4  to  6  ft.  The  spermatia 
were  shghtly  larger  on  this  medium  than  on  com  meal.  They 
measured  4  to  10  /i  by  1  to  1.5  /t,  the  majority  heit^  4  to  6  /(.  Good, 
tough,  black  stroma. 

Steamed  tomato. — Moderate  growth  in  four  days,  covering  the 
greater  portion  of  the  surface  of  the  medium  and  formii^  tufts  of 
hyphffi.  Mycelium  grayish  white.  Four  days  later  the  color  was 
dark  gray.  In  cultures  5  years  old  there  were  chains  of  brown  and 
colorless  chlamydospores  resembling  those  on  carrot  cylinders.  No 
pycnospores  found.     Thin  stromalike  layer  formed  on  this  medium. 

Steamed  turnip  cylinders. — Rather  scanty  growth  in  four  days.  In 
eight  days  there  was  a  good  gray  growth  covering  the  portions  of 
the  cylinder  above  the  water  and  small  round  masses  of  pseudotissue 
had  formed.  The  mycelium  in  old  cultures  (9  months)  was  very 
dark  brown,  nearly  black.  In  cultures  5  years  old  a  few  cirri  of  di»- 
chai^ed  pycnospores  were  found  in  each  of  the  six  tubes.  The  cirri 
in  these  very  old  cultures  were  yellowish.  Spores  one  celled  with 
few  exceptions.  There  were  a  few  warty  hyphse  and  a  very  few 
brown  chlamydospores.    Tijin,  tough,  black  stroma. 

Steamed  lime-wood  cylinders. — Some  of  the  tubes  contained  twice- 
distilled  water,  others  peptone  water,  but  there  was  no  noticeable 
difference  in  the  amount  of  growth  made  by  the  fungus  on  the  two 
media.  The  cylinders  were  inoculated  with  mycelium  from  cultures 
2  weeks  old,  and  in  less  than  20  hours  the  growth  was  sufficient  to  be 
seen  easily  with  the  naked  eye.  The  hyphfe  in  some  of  the  tubes  were 
about  1.5  cm.  long.    In  three  days  most  of  the  cylinder  above  the 
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water  was  covered  with  white  hypbfe.  The  majority  of  the  filaments 
were  creepii^,  but  there  was  a  fairly  good,  thou^  rather  thin,  wooUy 
growth  of  aerial  hyphce. 

In  five  days  practically  the  whole  cylinder  was  covered;  mycelium 
still  white.  When  the  cultures  were  2  weeks  old  the  hjphte  were 
more  or  less  matted  and  were  very  dark  brown  for  the  moat  part. 
The  wood  was  colored  also  (it  was  found  later  that  the  hyphee  had 
penetrated  the  cylinders). 

Six  weeks  after  inoculation  many  little  spherical,  gray  bodies  were 
present  in  the  ciiltures.  One  of  the  tubes,  with  twice-distilled  water, 
contained  several  hundred  of  these.  (PI.  VII,  fig.  1.)  They  averaged 
2  to  3  mm.  in  diameter  and  were  very  hard  and  attached  very  firmly 
to  the  substratum.  Microscopical  examination  showed  them  to  be 
composed  of  a  compact  mass  of  pseudoparenchyma,  with  a  covering 
of  short  grayish  hyphee.  Microtome  sections  were  made  of  some  of 
these  bodies  from  cultures  2  mouths  old  (fig.  8).  Some  cultures 
on  this  medium  were  kept  for  five  years,  but  no  pycnidia  or  perithecia 
ever  developed.'  The  mycelium  in  these  old  cultures  vari^  in  color 
from  a  pale  brownish  gray  to  a  very  dark  brown  and  formed  a  feltlike 
layer  covering  the  cylinders.  No  stromatic  layer.  The  hyphee  were 
much  septate  and  sometimes  warty.  The  warts  were  much  lai^er 
than  any  observed  in  beef  agar,  frequently  being  2  to  4  /i  thick.  In 
the  tubes  with  peptone  water  there  were  vatying  numbers  of  chlamy- 
dospores.  Most  of  the  tubes  contained  very  few,  but  in  one  culturo 
therewere  chains  of  them,  both  brown  and  colorless,  most  of  them 
one  celled.  The  colorless  ones  had  coarsely  granular  contents. 
None  were  observed  in  the  tubes  containing  distilled  water. 

The  cylinders  were  penetrated  to  a  greater  or  less  degree  by  the 
hyphse.  In  one  tube  to  which  sterile  water  had  been  added  one  and 
two  months  after  inoculation,  the  hyphte  had  penetrated  the  whole 
length  of  the  cylinder  (5,5  cm.),  and  the  wood  and  pith  were  plenti- 
fully streaked  with  black. 

Steamed  lemon  tungs. — In  three  days  the  portion  of  the  twig  above 
the  water  was  practically  covered  with  a  white  cobwebby  growth. 
In  seven  days  the  mycelium  was  turning  gray  and  had  formed  a 
feltlike  layer.     Numerous  tiny  white  tufts  or  cushionlike  masses. 

In  cultures  5  years  old  the  wood  was  covered  with  a  thin  feltlike 
layer  of  mycelium  varying  in  color  from  light  brown  to  dark  brown. 
Cushionlike  masses  of  pseudoparenchyma.  No  pycnidia  or  chlamy- 
doBpores  observed. 

Beef  bouUlon. — (Jood,  though  rather  slow,  growth  in  beef  bouillon 

+ 15  (Fuller's  scale).    In  six  days  there  was  an  excellent,  fiuffy, 

woolly,  white  growth  of  hyphie  about  l.S  cm.  long.    In  nine  days 

one  of  the  three  tubes  had  a  white  pellicle,  which  24  hours  later  had 
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a  very  faint  gray  tinge.  When  the  cultures  were  4  weeks  old,  one 
had  a  tough  black  pellicle,  another  a  gray,  and  the  third  a  white  one. 
In  all  three  the  growth  in  the  fluid  was  pure  white  and  contained 
many  crystals. 

In  6-day-old  cultures  the  mycelium  was  rather  fine  (the  majority 
of  the  hyphae  measured  2  to  3  /t),  branching,  and  with  few  septa.  In 
the  cultures  2  months  old  the  septa  were  much  more  frequent,  the 
walls  were  more  or  less  irregular  in  outline,  and  there  were  many 
incipient  branches.  The  hyphte  in  the  compact,  tough  mat  forming 
the  pellicle  were  full  of  large  swellings. 

Raulin'3  Jluid. — Good  growth  in  this  medium.  In  five  days 
there  was  a  tuft  of  very  white  fluffy  mycelium  about  three-fourths 
of  a  centimeter  in  diameter  in  the  bottom  of  the  tube.  The  growth 
gradually  increased,  until  at  the  end  of  six  weeks  the  fungus  filled  the 
liquid  and  had  formed  a  dark-gray  pellicle  on  the  surface.  The 
submerged  mycelium  was  still  pure  white. 

In  cultures  5  yeara  old  the  dark-brown  peUicle  or  stroma  had 
cushionlike  elevations  2  to  3  mm.  in  diameter.  Seine  of  these  con- 
tained pycnidia  which  were  mere  cavities  in  the  stroma  and  from 
which  the  spores  were  dischaiged  in  cirri.  The  spores  measured  20 
to  32  /(  by  4  to  8  ;i.  Some  were  quite  broad  and  short  (20  by  8  p.), 
some  were  long  and  slender  (32  by  4  p),  but  32  by  8  /t  was  the  average 
size  for  the  majority. 

There  were  a  few  spermatia  and  brown  chlamydospores  present 
also.     The  majority  of  the  spermatia  were  4  to  5  /i  long. 

Fraejiket  and  Voge's  soliUion.^-'TheTe  is  very  poor  growth  in  tiiis 
medium.  Eight  days  after  inoculation  the  growth  consisted  of  a 
tuft  of  grayish  mycelium  about  0.5  cm.  in  diameter.  When  the 
cultures  were  2  weeks  old,  the  tufts  had  not  increased  noticeably 
in  size,  but  they  were  nearly  black.  The  hyphie  were  short,  forming 
a  compact  mas.^.  The  cultures  were  under  observation  for  six 
weeks,  but  there  was  little  if  any  further  growth. 

MiUc. — No  change  occurred  in  the  appearance  of  the  milk  until 
the  fourth  day.  On  that  day  8  out  of  14  cultures  had  a  translucent 
band  2  to  10  mm.  wide  from  which  the  casein  was  being  precipitated. 
Among  these  eight  tubes  were  cultures  from  three  strains — the  lime 
and  the  fruiting  and  nonfniiting  orange  strains.  The  milk  below  tius 
translucent  band  was  still  fluid  and  opaque,  but  in  some  of  the  tubes 
it  was  of  a  thick  creamy  consistency.  In  nearly  all  of  the  cultures 
there  was  a  good,  firm,  white  or  gray  pelhcle.  The  fifth  day  soft 
creamy  clots  were  forming  aroxmd  the  submerged  hyphje.  The  sev- 
enth day  the  band  of  translucent  whey,  which  was  slowly  becoming 
more  transparent,  was  1  to  2.5  cm.  wide  in  most  of  the  cultures, 
although  in  a  few  tubes  precipitation  was  going  on  much  more  slowly. 
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Two  cultures  of  the  nonfruiting  orange  strain  had  quite  solid  clots  of 
casein  in  the  bottom.  The  cultures  of  this  strain  had  undergone 
the  changes  described  more  rapidly  from  the  beginning  than  those 
of  the  other  two  strains,  Pycnidia  present  on  the  seventh  day  in 
the  rim  and  pelhcle  of  the  fruiting  orange  strain.  On  the  eleventh 
day  several  of  the  cultures  contained  solid  clots  of  casein,  filling 
one-fourth  to  one-third  of  the  liquid.  The  whey  above  this  was 
transparent  or  semitransparent.  In  other  tubes  the  casein  was 
being  precipitated  more  slowly  and  had  not  made  solid  clote.  In 
two  of  the  lime-strain  cultures  the  milk  was  translucent  throughout, 
with  the  exception  of  a  very  small  clot  in  the  bottom.  la  one  of  the 
lime-strain  cultures  the  milk  above  the  solid  clot,  which  filled  about 
one-fourth  of  the  fiquid,  was  opaque  and  between  Ridgway'a  smoke 
gray  and  olive  gray.  Seven  days  later  (cultures  18  days  old)  the 
small  amount  of  curd  in  two  of  the  lime-strain  cultures  had  been  dis- 
solved and  the  fluid  was  translucent  throughout.  In  the  other 
tubes  (all  strains)  there  was  still  a  soft  curd,  above  which  the  fluid 
was  clear  or  translucent. 

In  a  later  experiment  in  which  the  cultures  were  under  observa- 
tion for  four  weeks  the  fluid  was  clear  and  there  was  no  curd  at  the 
end  of  that  period.  There  had  been  a  soft  curd  earlier  in  the  life  of 
the  cultures,  but  this  had  been  completely  dissolved. 

Lifyaus  milk. — When  cultures  (both  Hme  and  orange  strains)  were 
made  in  milk  to  which  sufficient  litmus  had  been  added  to  make  it 
lilac  color  the  translucent  portion  (see  milk  cultures,  p.  32) 
became  purplish.  On  the  sixth  day  the  color  varied  in  the  differ- 
ent cultures  from  plum  purple  to  Indian  purple  (Ridgway),  while 
the  color  of  the  ndlk  below  the  translucent  band  was  unchanged. 
Where  there  was  cream  in  the  rim  it  was  colored  rose  pink  (Ridgway) 
on  this  date.  This  color  disappeared  later,  however.  The  change 
in  color  followed  the  increase  of  the  translucent  or  transparent  zone, 
and  by  the  tenth  day  nearly  all  of  the  cultures  were  prune  purple  or 
Indian  purple  throughout.  There  had  been  no  indication  of  any 
more  decided  acid  production  at  any  time.  On  the  seventeenth  day 
the  cultures  of  the  lime  strain  were  all  approximately  Ridgway'a 
prune  purple.  Those  of  the  nonfruiting  orange  strain  varied  from 
pansy  purple  to  prune  purple  and  a  very  deep  purple  that  was  nearly 
black,  and  the  cultures  of  the  fruiting  orange  strain  were  prune  pur- 
ple and  pansy  purple.  In  one  of  the  cultures  of  the  fruiting  strain 
the  lower  half  of  the  milk  was  pansy  purple,  while  the  upper  half 
was  nearly  colorless  (slightly  browni^  yellow)  and  perfectly  trans- 
parent except  for  a  few  small  granules,  probably  portions  of  the 
clot  not  yet  dissolved.  All  of  the  cultures  in  all  of  the  strains  were 
transparent  and  none  contained  clots.    These  cultures  were  under 
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obserration  for  35  days.  At  the  end  of  that  time  the  fruiting 
orange  strain*  showed  complete  reduction  in  one  tube  and  partial 
reduction  in  the  remaining  four  tubes.  No  reduction  in  the  non- 
fruiting  orange  or  lime  atraina.  Similar,  results  were  obtained  in 
another  set  of  experiments  in  which  two  tubes  of  the  fruiting  orange 
strain'  showed  partial  reduction  in  20  days  and  complete  reduction 
in  38  days,*  while  even  at  the  end  of  44  days  there  was  none  in  the 
noufruiting  orange  or  lime  strains. 

In  another  experiment,  however,  one  of  the  nonfruiting  orange 
cultures  showed  almost  complete  reduction  in  30  days,  while  no 
signs  of  it  were  exhibited  by  the  other  strains.  It  is  probable  that 
all  the  strains  are  capable  of  reducing  litmus  if  sufficient  time  is 
devoted  to  the  experiment. 

Aasociatym  experiment  on  pruTie  agar  {Ume  strain  ■plus  oramge 
^rain). — Prune-agar  platee  were  inoculated  on  opposite  sides  with 
mycelium  from  corn-meal  flask  cultures  of  the  lime  and  orange  strain 
(nonfruiting).  No  fruiting  bodies  of  any  Idnd  appeared  but  the  dif- 
ference in  the  amount  of  growth  was  most  striking.  On  the  twenty- 
first  day  the  orange  strain  had  made  nearly  three  times  as  much 
growth  as  the  lime.    Neither  strain  made  any  further  growth. 

dni^nSB  HEDIA. 

The  culture  media  used  in  these  experiments  were  prepared  as 
follows: 

FtuU  and  vegetable  cylinders. — ^The  fruits  or  vegetables  were 
thoroughly  scrubbed  with  a  brush,  pared  (except  prunes  and  oranges), 
and  washed  in  distilled  water.  Cylinders  were  then  cut  and  put  into 
test  tubes  with  sufHcient  twice-distilled  water  to  cover  them  about 
half  way.  Tubes  either  autoclaved  for  15  minutes  at  llO**  C.  or 
steamed  for  15  to  20  minutes  on  three  consecutive  days. 

Lime  and  lemon  wood  cylinders.-  -Small  branches  of  lime  and  lemon 
trees  were  cut  into  sections  about  2  inches  long  and  put  into  test 
tubes  (one  in  each  tube),  with  10  to  15  c.  c.  of  distilled  water.  Tubes 
then  autoclaved  for  10  minutes  at  120"  C. 

Macaroni. — Prepared  like  wood  cylinders. 

Oommeal. — Com  meal  with  sufficient  twice-distiUed  water  to  cover 
it  thoroughly  was  put  into  fiasks  (about  three  heaping  teaspoonfuls 
of  com  meal  to  a  lOO-c.-c.  flask),     Autoclaved  30  minutes  at  115"  C. 

PottUo  agar. — Selected  smooth,  firm  potatoes,  washed  and  scrubbed 
thoroughly  with  a  brush,  pared,  and  cut  into  thin  slices  or  shredded, 
added  two  parts  twice-distilled  water,  let  simmer  for  half  an  hour, 
strained  off  water,  filtered  through  paper  or  gauze,  and  to  the  filtrate 
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added  1  per  cent  of  agar  flour.  Steamed  45  miuutee,  filtered,  and 
tubed.    Tubes  autodaved  15  minutes  at  1 10°  C. 

Prune  agar. — Five  dry  prunes  washed  thoroughly  under  the  tap, 
put  into  a  beaker  containing  1  liter  of  distilled  water  and  allowed 
to  simmer  for  one  hour,  then  brought  to  a  boil  for  five  minutes. 
Filtered  off  juice  through  filter  paper  and  added  1.5  or  2  per  cent  of 
agar  flour.  Steamed  three-quarters  of  an  hour,  filtered,  and  tubed. 
Titrated  uauaUy  about  +6  Fuller's  scale.  Tubes  autoclaved  15 
minutes  at  110°  C.  or  steamed  for  15  minutes  on  three  consecutive 
days. 

Apple  agar. — ^Pared  and  cut  apples  into  thin  sUces,  added  two  parts 
of  distilled  water.  Boiled  20  minutes,  strained  through  gauze  and 
added  1  per  cent  of  agar  flour.  Steamed  one-half  hour.  Filtered 
and  tubed.    Autoclaved  15  minutes  at  1 15°  C. 

AppU'twig  agar.— To  500  grams  of  apple  twigs  cut  into  small  pieces, 
added  1,000  c.  c.  of  distilled  water.  Boiled  20  minutes.  Strained 
through  gauze  and  added  1  per  cent  of  agar  flour.  Steamed  one-half 
hour,  filtered,  and  tubed.    Autoclaved  15  minutes  at  115"  C. 

Corrir^meal  agar. — To  3  Uters  of  distilled  water  added  12  teaspoon- 
fuls  com  meal.  Kept  in  water  bath,  temperature  about  SS°  C. 
Strained  through  gauze,  steamed  one  hour,  filtered  through  paper. 
Added  1  per  cent  of  agar  flour.  Steamed  one  hour,  filtered  through 
paper,  tubed.    Autoclaved  for  15  minutes  at  115°  C. 

Beef  agar. — ^To  7,000  cubic  centimeters  of  peptonized  beef  bouillon 
added  I  per  cent  of  agar  flour.  Steamed  three-quarters  of  an  hour, 
cooled  down  to  below  60°  C,  and  added  the  neutralized  whites  of 
two  eggs  to  clarify.  Steamed  three-quarters  of  an  hour,  filtered^  and 
tubed.     Made  + 15  Fuller's  siiale  by  adding  4  NaOH     ,j^^^  ^^^ 

claved  15  minutes  at  110°  C. 

SUicajeUy. — 100  c.  c  sodium  silicate,  sp.  gr.  1.15°  Beaumd,  100 
c.  c.  HCl  1.10°  Beaumfi. 

Dialized  24  hours  in  tap  water  in  collodion  sacks.  Boiled,  filtered 
hot,  and  cooled  in  ice  water. 

To  85  c.  c.  of  above  was  added  15  c.  c.  of  Fermi's  solution.  Tubed 
and  autoclaved  15  nunutes  at  110°  C,  with  vent  shut  down  as  soon 
as  steam  came  out,  and  kept  closed. 

Peptonized  beef  iouiUon. — Prepared  in  the  manner  described  in 
"  Bacteria  in  Relation  to  Plant  Diseases,"  by  Erwin  F.  Smith  (vol.  1, 
p.  195)  and  made  + 15  Fuller's  scale. 
Fermi's  aoltUian. — 

DiBtilled  water 1,000.0c.  c. 

Magneeiiun  eulphate .2  gnum. 

Acid  poUssiura  phoBphate 1.0  gram. 

Ammonium  phosphate 10. 0  grams. 

Glycerin 45.0  c.  e.  i 
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Fraenkd  arid  Voge's  solution. — To  500  c,  c,  of  redistilled  water  were 
added  the  following: 

Sodium  chlorid 2.5  grams. 

DipotAflrium  phoephate 1.0  gnm. 

Ammonium  lactate 3.0  gnma. 

Sodium  aspaiagioate 2.0  giaou. 

Steamed  20  minutes,  filtered,  tubed,  and  tubes  steamed  for  15 
minutes  on  each  of  three  consecutive  days. ' 

RatUin'sfiuid. — To  1,600  c.  c.  of  redistilled  water  were  added  the 
following: 

Cane  sugar,  gnmulated 70. 00  gnmu. 

Tartaric  acid,  crystals,  Merck's 4.00  grams. 

Ammonium  nitrate  C.  P.,  Baker  &  Adamson 4.00  giatns. 

Ammonium  phosphate,  reagent,  Merck's 60.  OO  grams. 

PotBsaum  carbonate,  standard,  E.  •&  A 60.00  gnuns. 

Magnesium  carbonate  C.  P.,  Baker  &  Adamson 40.00  grama. 

Ammonium  sulphate  C.  P.,  E.  4  A 25.00  giams. 

Zinc  sulphate  C.  P.,  E,  4  A 07  gram. 

Ferrous  sulphate,  crystals,  C.  P.,  Merck's 07  gram. 

Potassium  silicate,  dry,  E.  4  A 07  gram. 

Steamed  10  minutes  at  100°  C.  Filtered  and  pipetted  into  test 
tubes.  Tubes  steamed  for  15  minutes  on  each  of  three  consecutive 
days, 

TBKPBBATUBE  BEI^ATIONS. 

Potato  cultures  of  the  lime  strain  of  this  fungus  were  placed  in 
thermostata  at  different  temperatures,  two  tubes  placed  at  each 
temperature,  as  Bhown  in  Table  I.  Temperatures  were  recorded 
two  to  three  times  a  day. 

Table  I. — Tliermottat  and  room  temperatura  »n  which  potato  euiiuTu  of  lime  ttntm 
of/ungvt  were  hepl. 
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The  cultures  were  under  observation  for  five  weeks  (daily  observar 
tion  for  2  weeks),  but  no  spores  of  any  kmd  were  formed.  No 
growth  took  place  at  3.5°  C.  or  at  44°,  and  only  scanty  growth  at 
37.0",  while  at  16.8°,  23.4°,  31.75°,  and  35.4°  C.  the  growth  was  excel- 
lent, tliough  differing  widely  in  rate,  as  shown  in  Table  II. 
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On  the  tiiirty-sixth  day  all  the  cultures  were  removed  to  room 
temperature.  Six  days  later  tube  14  from  thermostat  4  contained  an 
excdlent,  gray-white,  matted,  surface  growth  with  a  tough,  black, 
somewhat  wrinkled  stroma  entirely  covering  the  surface  of  the  potato. 
None  of  the  others  had  changed  in  appearance. 

No  fruiting  bodies  formed  in  any  of  the  tubes.  The  only  difference 
noted  in  the  cultures  at  the  different  temperatures  was  in  the  rate  of 
growth.  On  the  twenty-second  day  one  of  the  two  tubes  growing  at 
each  temperature  was  tested  with  iodin  potassium  iodid  for  starch. 
All  behaved  alike.  In  the  portions  of  the  cylinder  covered  by  the 
stroma  there  was  practically  no  starch  reaction,  i.  e.,  there  was  only 
the  faintest  purplish  stain  in  a  few  cells,  so  slight  as  to  have  been 
easUy  overlooked.  The  tissue  of  the  potato  was  much  softened  and 
was  penetrated  by  hyphse  (PI.  IX,  fig.  4).  The  microscopical  char- 
acters resembled  those  of  cultures  grown  at  room  temperature  (de- 
scribed under  growth  on  steamed  potato  cylinders,  p.  26). 

INOCnTLATION  EZPEBUEHT8. 

Inoculations  have  been  mode  on  lime,  orange,  pomelo,  lemon,  kum- 
quat,  tangerine,  and  Citrus  trifoliata.  These  have  been  numbered  in 
two  series,  one  comprising  those  made  with  the  lime  strain,  the  other 
with  the  strain  isolated  from  the  orange.  A  detailed  account  of  the 
experiments  follows. 

INOCULATIONS    (iJHE    STRAIN)    ON   LIME,  DECBUBBR    1,   1904. 

The  first  inoculations  were  made  on  tlu^e  healthy  Ume  trees  obtained 
from  Florida;  grown  for  some  time  in  a  bed  in  one  of  the  Department 
greenhouses.  The  trees  were  about  3  to  4  feet  tall  and  were  making 
a  good  growth.  The  cultures  used  were:  (1)  Culture  6  weeks  old  on 
sterile  lime  wood  (PI.  VII,  fig.  1);  and  (2)  beef-bouillon  culture  2 
montlis  old.  In  both  cases  the  fungus  had  been  growing  on  artificial ' 
media  2  months  (isolated  October  1,  1904).  The  inoculations  were 
made  as  follows : 

No.  1,  Tree  I,  on  young  growing  wood  4  inches  from  the  end  of  a 
growing  branch.  A  small  T-shaped  cut  was  made  in  the  bark  with 
a  sterile  knife  and  mycelium  inserted.  The  bark  was  smoothed  down 
again  and  the  stem  wound  with  raffia,  which  completely  covered  the 
wound. 

No.  2,  Tree  I,  on  new  green  wood  just  below  a  fork,  one  branch  of 
which  was  7  inches  long,  the  other  (on  wliich  was  inoculation  No.  1) 
12  inches  in  length.     Inoculation  made  as  in  No.  1. 

No.  3,  Tree  I,  on  an  older  branch  ■with  grayish  bark,  2  inches  from 
the  trunk.  Diameter  of  inoculated  brancli,  tliree-fourths  of  an  inch. 
Inoculated  like  No.  1. 
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No.  4,  Treo  I,  on  a  stem  similar  to  No.  3,  but  somewhat  smaller, 
laoculated  like  No.  1. 

No.  S,  Tree  II,  on  a  rather  old  stem  with  gray  bark,  three-fourths  of 
an  inch  in  diuneter.     Inoculated  like  No.  1. 

No.  6,  Tree  III,  on  a  younger  branch  with  green  bark.  Inoculation 
made  by  pricking  the  stem  three  times  with  a  sterile  needle,  then 
placing  a  little  mycelium  over  these  punctures  and  binding  with  raffia. 

No8.  1  to  6  were  inoculated  from  the  lime-wood  culture. 

No.  7,  Tree  II,  on  a  low  side  branch  8  inches  long.  Inoculation 
midway  on  stem,  made  like  No.  1. 

No.  S,  Tree  I,  on  the  trunk  about  3  feet  from  the  ground.  Myce- 
lium bound  with  raffia  on  an  old  wound  where  a  branch  had  been 
broken  off. 

No.  9,  Tree  III,  on  a  branch  with  gray  bark.  Inoculated  near  t^e 
trunk  by  removing  a  small  piece  of  the  outer  bark  and  binding  myce- 
lium over  tiie  cut  surface. 

No.  10,  Tree  II,  on  a  gray  stem  near  the  trunk.  Inoculation  made 
by  cutting  off  a  very  small  amount  (2  to  3  sq.  mm.)  of  the  outer  bark, 
then  spreading  the  mycehum  over  this  injury  and  binding  it  ndth 
raffia. 

Nos.  7  to  10  were  inoculated  from  the  beef-bouillon  culture. 

Ayear  after  the  inoculation  (December  1, 1905)  characteristic  knots 
had  formed  in  every  case  except  No.  8,  in  which  no  new  wound  was 
made.  Some  of  these  knots  were  then  1^  inches  in  diameter  and 
resembled  in  every  particular  those  received  from  Jamaica.  No.  4 
was  photographed  (PI.  IV,  fig.  2)  and  pure  cultures  of  the  fungus  were 
obtained  from  it. 

From  both  Nos.  4  and  7  a  witches'-broom  had  been  produced.  In 
No.  4  there  had  been  an  extensive  growth  of  the  main  stem  beyond 
the  knot,  but  in  No.  7  tliere  had  been  none. 

Tree  I  was  photographed  on  March  31,  1906  (PI.  III). 

On  April  14,  1906,  one  year  and  four  and  one-half  months  after 
inoculation,  tlie  following  detailed  observations  were  made: 

No.  1.  Knot  about  li  inches  in  diameter.  The  surface  is  rather 
rough  and  somewhat  cracked,  and  the  color  is  quite  a  dark  brown  or 
almost  black  in  places.  There  are  about  4  feet  of  growth  beyond  this 
knot,  all  of  which  is  dead.  This  is  the  first  knot  which  has  caused 
the  death  of  that  portion  of  the  limb  beyond  it. 

No.  2.  This  knot  is  on  the  trunk  of  the  tree  and  is  somewhat  larger 
and  lighter  in  color  than  No.  1.  It  has  not  caused  the  death  of  the 
wood  beyond  it. 

No.  3.  Knot  on  the  trunk  about  1}  inches  m  diameter.  It  is  some- 
what cracked  and  lighter  in  color  than  the  bark  on  the  adjoining  stem. 
About  half  a  dozen  shoots  are  growing  out  of  It,  all  of  which  are 
apparently  healthy. 
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No.  4.  Out  out  oa  December  1,  1905. 

No.  5.  Knot  about  1  inch  in  diameter,  badly  cracked  and  dark  in 
color.  A  witches'-broom  has  formed  and  one  of  the  shoots  is  about 
4  feet  long. 

No.  6.  Knot  about  1  inch  in  diameter  and  quite  irregular  in  shape; 
Burface  smooth  and  lighter  colored  than  the  surrounding  bark; 
witches'-broom  from  this  knot  also. 

No,  7.  Removed  December  1,  1905. 

No.  8.  No  knot.  This  is  the  one  inoculated  on  the  old  healed 
wound. 

No.  9.  Knot  IJ  inches  in  diameter;  surface  smooth  and  light  col- 
ored. One  of  the  several  shoots  which  has  grown  from  tliis  knot  is 
about  8  feet  long  and  as  thick  as  a  man's  thumb  at  the  base. 

No.  10.  Knot  about  an  inch  in  diameter,  very  rough  and  scarred. 
A  portion  of  the  surface  is  almost  black,  while  the  remauider  is  very 
light  colored.  There  are  several  shoots  growing  from  this  knot,  one 
of  them  being  over  3  feet  in  length.  None  of  the  growth  above  the 
knot  shows  any  signs  of  disease. 

On  November  17,  1906,  nearly  two  years  after  inoculation,  all  parts 
of  the  trees  above  the  knots,  with  tfie  exception  of  No.  5,  were  dead 
or  showed  signs  of  disease.  Inoculation  No.  9  on  a  branch  at  the 
base  of  one  of  the  largest  trees  CTree  III)  at  this  time  was  a  knot 
nearly  the  size  of  a  man's  fist.  Gum  was  oozing  from  it  in  numerous 
places  and  one  of  the  branches  above  this  inoculation,  bearing  another 
knot  (inoculation  No.  6)  had  been  dead  for  many  weeks.  The  re- 
maining parts  of  this  tree  were  still  green  but  were  making  little  or 
no  growth.  Tlie  leaves  were  very  flabby  and  turning  yellow.  They 
were  beginning  to  curl  and  dropped  very  easily.  A  large  branch 
below  the  knot  was  very  green  and  growing  rapidly,  a  striking  con- 
trast to  the  branches  above  the  point  of  inoculation,  where  the  new 
growth,  if  any,  was  not  at  all  vigorous,  the  young  leaves  being  almost 
devoid  of  chlorophyll. 

This  tree  (Tree  III)  at  this  time  furnished  a  most  interesting  exam- 
ple of  the  effect  of  inoculation  with  the  lime-knot  fungus.  Inocula- 
tion No.  6,  on  one  of  the  smaller  limbs,  had  caused  the  death  of  the 
branches  above  it  some  months  before.  The  trunk  of  the  tree,  which 
bore  a  very  lai^e  knot  near  the  base,  the  result  of  inoculation  No.  9, 
was  dying,  while  one  large  branch  springing  from  a  point  below  the 
knot  was  apparently  as  healthy  as  ever. 

Nos.  5  and  10,  on  Tree  II,  had  grown  into  large  knots  and  the 
branches  above  No.  10  were  all  dead.  No.  5,  which  was  on  one  of 
the  branches  of  the  fork  of  the  trunk  of  Tree  II,  was  a  much  smaller 
knot  than  No.  9,  described  above.  The  parts  of  the  tree  above  No.  5 
were  still  green  and  apparently  healthy. 


3yGOO^^IC 


42  A  KNOT  OP  CITRUS  TEEES. 

On  Tree  I  all  of  the  branches  above  inoculations  Nos.  1  and  2  were 
dead;  the  rest  were  green  and  healthy. 

On  September  17,  1907,  nearly  two  years  and  ten  months  aft«r 
inoculation,  the  trees  were  still  alive  and  were  then  growing  rapidly. 
The  portions  above  the  inoculations  were  dead  in  most  cases,  but  many 
branches  had  grown  out  below  these  centers  of  infection.  Many  sec- 
ondary knots  had  appeared  on  one  of  the  trees  (Tree  II).  These 
extended  from  the  ground,  where  they  occurred  in  the  greatest  num- 
bers, all  the  way  up  the  trunk,  and  they  varied  in  size  from  half  an 
inch  to  2  inches  in  diameter.  Young  shoots  had  grown  from  many  of 
the  knots. 

In  July,  1908,  it  became  necessary  to  remove  the  Ume  trees  from 
the  bed  in  which  they  had  been  growing  and,  believing  that  the 
experiment  had  continued  long  enough,  they  were  cut  out.  The  con- 
dition of  the  one  showing  the  greatest  number  of  knots  (Tree  II)  was 
as  follows : 

The  main  stem  had  a  diameter  at  the  surface  of  the  earth  of  2) 
inches  and  a  diameter  at  the  height  of  1  foot  above  the  surface  of 
1}  inches.  This  diameter  was  preserved  upward  for  about  40  inches 
from  the  earth.  About  3  feet  from  the  ground  on  a  branch  of  the 
fork  of  the  main  stem  was  inoculation  No.  5,  and  on  a  smaller  branch 
given  off  just  below  it  was  No.  10,  these  tumors  being  dried  out  and 
black.  At  the  fork  the  inoculated  branch  was  three-fourths  of  an  inch 
in  diameter,  wliile  the  uninoculated  one  had  a  diameter  of  1}  inches. 

The  most  etriking  thing  in  connection  with  the  stem  was  the  great 
number  of  secondary  tumors  occurring  throughout  a  distance  of  about 
3  feet.  The  surface  of  the  stem  was  almost  entirely  covered  with 
them.  There  were  100  or  more.  The  exact  number  can  not  be  stated, 
because  of  fusions.  A  few  of  these  secondary  tumors  were  dead,  but 
nearly  all  were  hving  and  covered  by  a  grajHsh  white  bark,  occar 
sionally  somewhat  fissured.  The  length  of  these  secondary  tumors 
varied  somewhat,  being  from  three-fourths  of  an  inch  to  1 J  inches; 
their  breadth  from  half  an  inch  to  1  inch  or  more;  and  their  height 
from  one-fourtli  to  three-fourtlis  of  an  inch.  Most  of  them  were  ellip- 
tical in  outline,  the  longest  axis  being  in  the  direction  of  the  long  axis 
of  the  stem.  These  swellings,  as  already  stated,  were  attached  by  a 
wide  base  firmly  to  the  wood  of  the  stem.  Some  of  these  secondary 
tumors  were  sending  out  feeble  shoots,  half  a  dozen  to  a  dozen  or 
more  in  places.  One  vigorous  shoot  from  the  base  of  the  stem  had 
a  basal  diameter  of  three-fourtha  of  an  inch  and  a  length  of  5  feet  or 
more.  There  were  some  secondary  swellings  at  the  base  of  the 
stem  and  two  tumors  of  moderate  size  about  li  feet  above  the  base. 
It  was  at  first  thought  that  these  might  be  the  result  of  more  re- 
cent natural  infections  because  of  the  distance  between  the  tumors, 
but  microscopical  examination  revealed  the  presence  of  the  fungus  in 
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the  wood  in  small  quantities  throughout  the  interveniDg  space.  Six 
inches  farther  up  the  main  stem  another  vigorous  shoot  had  attained 
a  length  of  4  feet  or  more  and  bore  two  small  secondary  tumors  near 
its  base.  The  general  appearance  of  the  trunk  of  this  tree  is  well 
shown  in  the  photographs,  which,  however,  were  made  from  the 
shrunken,  dried-out  stem  (Pis.  V  and  VI). 

Gum  was  oozing  from  the  stem  in  places,  but  not  more  than  one 
would  expect  in  cases  of  wounds  due  to  other  causes. 

A  year  later,  July  22,  1909,  the  fungus  was  isolated  from  one  of 
the  secondary  knots  on'  the  trunk  of  this  tree  (Tree  II),  which  was 
cut  down  the  previous  year  and  has  been  in  the  dry  laboratory 
ever  since.  Thus  the  myceUum  has  lived  in  these  knots  at  least  2 
years — 1  year  diy.  Inoculations  made  with  this  isolation  on  tender 
shoots  of  hme  and  pomelo  on  July  29,  1909  (see  p.  57),  produced 
within  3  weeks  unmistakable  tumor  tissue  and  mature  pycnidia  and 
spermagonia. 

SumTTiary. — All  of  the  inoculations  with  the  exception  of  No.  8,  in 
which  no  wound  was  made,  have  been  most  successful.  The  observa- 
tions extended  over  a  period  of  3)  years.  In  the  majority  of  cases 
the  portion  of  the  tree  above  the  knot  was  dead  and  many  witches'- 
brooms  had  formed  both  from  the  artificial  infections  and  the  sec- 
ondary knots.  The  fungus  was  traced  through  the  stem  for  a  dis- 
tance of  5  feet  beypnd  the  point  of  inoculation  (PI.  V,  x  to  x')- 

INOCULATIONS    (UME    STRAIN)    ON    LIHE    AND  OAANGB,   DECEMBKB    12, 

1905. 

Oq  this  date  10  more  inoculations  were  made,  5  (Nos.  11  to  15)  on 
hme  and  5  (Nos,  16  to  20)  on  orange.  None  of  the  trees  had  ever 
been  inoculated,  and  all  were  free  from  knots.  Inoculations  were 
made  by  making  a  T-shaped  cut  in  the  bark,  inserting  mycehum,  and 
binding  the  wound  with  raffia.  A  bouillon  culture  of  the  fungus  made 
on  December  1,  1905,  directly  from  one  of  the  artificial  infections 
in  the  greenhouse,*  was  used  for  the  inoculations.  The  orange  trees 
had  been  recently  transplanted  and  were  in  a  dormant  state.  There 
were  no  young,  growing  shoots  on  them. 

On  April  14,  1906,  four  months  after  inoculation,  all  the  inocula- 
tions on  tiie  limes  were  taking,  as  foUows: 

No.  11.  Slight  but  distinct  swelling  at  the  point  of  inoculation. 

No.  12.  Swelling  about  the  size  of  a  split  pea  and  lighter  colored 
than  the  rest  of  the  stem.  The  limb  beyond  the  knot  was  somewhat 
stunted. 

No.  13.  Slight  but  distinct  swelling  at  the  point  of  inoculation. 
Diseased  area  lighter  colored  than  the  surrounding  bark. 
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No.  14.  Knot  about  half  an  inch  in  diameter,  light  in  color.  Very 
little  growth  has  been  made  beyond  the  point  of  inoculation. 

No.  15.  Slight  swelling  for  about  half  an  inch  along  one  side  of 
the  stem.  No  definite  knot,  although  there  was  slightly  more  swell- 
ing at  the  exact  point  of  inoculation. 

There  were  no  signs  of  disease  on  the  orange  trees  (varieties  not 
recorded),  and  with  the  exception  of  No.  16,  where  there  was  very 
slight  swelling,  it  was  most  difficult  to  determine  the  point  of  inocu- 
lation. 

Seven  months  later  there  were  still  no  signs  of  infection  on  the 
oranges. 

On  September  17,  1907,  No.  11  (lime)  bore  a  small  knot  the  size  of 
a  kernel  of  com.  In  No.  12  there  was  a  small  rough  knot  at  the  point 
of  inoculation  and  a  slight  swelling  extending  along  the  branch  for  a 
short  distance. 

November  13,  1908. 
limes.    Trees  not  growing  well. 

Nob.  11  and  12.  Tumors  have  increased  little,  if  any,  in 
size  during  the  past  year. 
No.  13.  Tumor  tissue,  but  no  true  knot. 
No.  14.  Missing.    Had  a  knot  about  half  an  inch  in 
diameter  four  months  after  inoculation. 

No.  15.  Missing.    Tumor  tissue  four  months  after  ioocu- 
lation. 
SumTnary. — Limes.     Small  knots  formed  in  three  of  the  five  lime 
inoculations  and  tumor  tissue  in  the  other  two. 

Oranges.  No  infection,  with  the  possible  exception  of  No.  16,  in 
which  there  was  slight  swelling.  The  trees  were  not  ia  good  con- 
dition when  inoculated. 

INOCXJLATIONS  (lIMB  STRAIN)  ON  POMELO,  LEMON,  CITHUS  TEIFOLIATA, 
KUMQUAT,    AND   LIME,  JITLY  5,  1908. 

Inoculations  were  made  on  pomelo,  lemon,  CHirus  trifoliaia,  kum- 
quat,  and  lime.  Pure  beef-bouillon  cultures  made  directly  from  a 
small  artificially  produced  knot  were  used  and  inoculations  were  made 
on  twigs  and  leaves.  In  the  former  the  method  used  in  the  eariier 
experiments  was  employed. 

Nob.  21  to  25  (pomelo,  Duncan  variety).  The  trees  were  small  and 
had  been  set  out  but  a  short  time,  so  were  not  growing  rapidly.  No. 
25  was  inoculated  on  a  leaf.  The  midrib  was  pricked  and  mycdium 
was  placed  over  the  wound. 

Nos.  26  to  30  Oemon,  Villa  Franca  variety).  These  trees  were  also 
small  and  making  little  growth.  No.  30  was  made  on  a  leaf  in  a  man- 
ner similar  to  No.  25. 
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Noa.  31  to  35  (on  a  seedling  lemon  8  to  10  inches  high).  It  was 
very  healthy  and  growing  rapidly.  Nos.  33  and  35  were  made  on 
leaves. 

Noa.  36  to  40  {Citrua  tnfoliata,  two  tre6s).  No.  40  was  on  a  leaf, 
the  other  four  on  the  stem. 

Nos.  41  to  45  (Japanese  kumquat).  All  inoculations  on  twigs. 

Noa.  46  to  48,  51,  and  52  (old  lime  trees).  Nos.  46  to  48  were 
made  on  leaves,  the  others  on  twigs. 

On  November  7,  1906,  the  following  observatioiis  were  made  on 
these  inoculations: 

Nos.  21  and  22  (pomelo).  Slight  swelling  at  the  point  of  inocula- 
tion. 

No.  23  (pomelo).  Stem  considerably  swollen  for  about  half  an  inch. 

No.  24  (pomelo).  The  branch  in  which  this  inoculation  was  made 
has  grown  IJ  feet  during  the  summer.  Point  of  inoculation  could 
not  be  found. 

No.  25  (pomelo  leaf).  No  evidence  of  infection. 

Nos.  26  to  35  (lemon) .  No  signs  of  disease. 

No.  36  {Citnis  tnfoliaia).  Slight  swelling  at  the  point  of  inocula- 
tion. 

No.  37  (Citrus  tnfoliata).  Slight  swelling  about  one-half  inch  long. 

No.  38  {CUtus  trifoliata).  Small  knot  about  the  size  of  a  smalt 
pea.  The  effect  produced  here  by  inoculation  is,  at  this  date,  greater 
than  on  the  limes  inoculated  at  the  same  time. 

No.  39  {Citrus  irifoliaia).  Slight  swelling  at  point  of  inoculation. 

No.  40.  No  record. 

The  CUraa  trifoliaia  plants,  as  a  whole,  are  not  very  healthy,  but 
one  or  two  branches  are  making  good  growth. 

No.  41  (kumquat)  ■  Slight  scar,  no  swelling. 

No.  42  (kumquat).  Very  little  swelling  at  point  of  inoculation. 

No.  43  (kumquat).  Like  No.  41. 

No.  44  (kumquat).  Very  Uttle,  if  any,  swelling. 

No.  45  (kumquat).  No  scar.  Point  of  inoculation  not  distin- 
guishable. 

Nos.  46  to  48  (lime  leaves).  No  signs  of  infection. 

Nos.  51  and  52  (Ume  twigs).  Slight  swelling  at  point  of  inocula- 
tion. 

On  September  17,  1907,  one  year  and  two  months  after  inoculation, 
the  following  observations  were  made: 

Noa.  21  and  22  (pomelo).  Slight  swelling. 

No.  23  (pomelo) .  A  lai^e  irregular  scar  about  1  inch  long  and  half  an 
inch  wide.  This  is  considerably  swollen.  The  fungus  has  apparently 
made  some  headway  here,  although  it  has  failed  to  produce  a  knot. 

No.  24  (pomelo).  No  infection. 
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Nos.  31  to  36  Oemon),  No  results  from  inoculation.  la  most  cases 
the  point  of  inoculation  is  not  distinguishable. 

No.  36  (C-iirua  trifoliata).  Very  slight  swelling  at  point  of  inocula- 
tion. 

No.  37  {Citrus  trifoliata).  Little,  if  any,  BweUing. 

No.  38  {Citrus  trifoliaia).  Small  knot  about  the  size  of  a  pea  and 
similar  to  the  smaller  knots  on  the  lime  trees.  This  has  grown  very 
little  in  the  last  10  months.  The  surface  of  the  knot  is  light  in  color, 
rough  and  cracked,  and  resembles  in  every  way  that  of  the  knots  on 
lime. 

No.  39  {Citrus  trifoliata).  Very  Little  swelling. 

Noa.  41  to  45  (kumquat).  No  evidence  of  infection. 

Noa.  51  and  52  (lime  twigs).  No  record. 

November  13,  1908.     Nos.  21  and  22  (pomelo).  Slight  swelling. 

No.  23  (pomelo).  Considerable  swelling,  but  no  real  knot. 

No.  24  (pomelo).  Could  not  find  point  of  inoculation. 

Nos.  26  to  29  Oemon).  No  infection.  No  scar  in  Noa.  26,  27, 
and  29. 

Nos,  31  to  35  (lemon).  Place  of  inoculation  not  discoverable. 

No.  36  {Citrus  trifoliata) .  Knot  about  three-fourths  of  an  inch  long, 
one-fourth  of  an  inch  high,  and  three-eights  of  an  inch  wide,  extend- 
ing over  half  way  around  the  stem.  It  is  light  colored  with  a  fairly 
smooth  surface  and  resembles  the  smaller  knots  on  lime.  It  is  the 
largest  knot  which  has  been  produced  on  Citrus  trifoliata. 

No.  37  {Citrus  trifoliata) .  Not  a  real  knot,  but  there  has  been  much 
more  than  an  ordinary  wound  reaction.  Swelling  one-eighth  of  an 
inch  high.     (Nos.  36  to  39  are  on  the  same  plant.) 

Nos.  41  to  45  (kumquat).  Inoculation  places  not  found. 

No.  51  (lime).  No  knot,  only  slight  swelling. 

No.  52  (lime).  Label  has  fallen  off,  so  could  not  be  sure  of  the 
point  of  inoculation.  There  is  a  slight  swelling  on  one  of  the  branches, 
but  no  true  knot  anywhere  on  the  tree.  Either  none  has  been  pro- 
duced or  it  has  been  cut  off  by  the  gardener. 

November  10,  1909.  On  this  date  the  trees  were  removed  to 
another  greenhouse,  and  the  following  notes  were  made  by  Dr.  Smith: 

No.  23  (pomelo).  Well-defined  small  tumor  at  the  point  of  inocul&tioD.  This  is 
about  5  mm,  in  diameter,  and  as  high.  Two  cm.  above  and  below  are  Bimilar  small 
secondary  tumore. 

No.  37  (Citnu  trifoliata).  Some  small  tumors  in  the  scar  tissue. 

No.  3S  (Citrut  trifoliata).  Slight  but  distinct  tumor  in  the  scar  tiasue.  It  is  raised 
up  above  the  level  of  the  stem  about  4  mm.  and  baa  a  diameter  either  way  of  about 
6  mm. 

July  20, 1910.  No.  37  {Cilrv*  trifoliata).  Small  tumors  and  much  tumor  tissue  in 
the  wound.    Swollen  area  is  1.5  cm.  long  by  5  mm.  wide  by  3  mm.  bi^. 

No.  38  {Citru*  trifoliala).  Small  knot  6  mm.  in  diameter. 

No.  39  {Oitnu  tiifoliaUx).  Swelling  6  mm.  by  6  mm.  by  I  mm.  high. 
2*1 
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Summary. — The  result  of  tliis  set  of  inoculations  may  be  summed 
up  as  follows: 

Table  III. — RetalU  iffinoculatvmt  o/  July  5,  1906. 
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Knot. 

aireUlEi. 

FaUun. 
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8 
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INOCULATIONS     (LIME  STRAIN)     ON    LEIMON,    POMELO,    CITRUS    THIFO- 
LLVTA,    AND   LIHB,  JUNE    23,  1908. 

Inoculations  were  made  with  the  fungus  isolated  March  11,  1908, 
from  a  secondary  tumor  on  one  of  the  trees  first  inoculated  in  the 
greenhouse.  A  sUt  was  made  in  the  bark  with  a  small  sharp  knife 
and  bits  of  myceUum  from  a  corn-meal  culture  S  days  old  were 
inserted  into  the  wounds,  wliich  were  then  bound  with  raffia.  The 
inoculations  were  numbered  as  follows : 

Nos,  53  to  58,  lemon,  Villa  Franca  variety, 

Nos,  59  to  63,  pomelo,  Duncan  variety. 

Nos,  64  to  67,  pomelo,  Duncan  variety  (on  another  tree). 

Nos,  68  to  71,  lemon,  Villa  Franca  variety. 

Nos,  72  and  73,  pomelo,  Duncan  variety. 

Nos,  74  to  76,  lemon,  Villa  Franca  variety 

Nos,  77  to  82,  Oitrus  trifoliata. 

Nos,  83  to  88,  lime. 
Most  of  the  inoculations  were  made  on  the  younger  growth,  but 
some  were  on  the  older  part  of  the  branch.  No  entirely  sound  Ume 
tree  was  available  for  inoculation,  but  the  young  growth  of  the  one 
least  affected  was  used  for  this  purpose.  No  tender,  rapidly  growing 
shoots  on  the  trees. 

August  4,  1908.  Knot  beginning  to  form  on  No.  61  (pomelo); 
cut  oS  and  put  into  alcohol. 

October  14,  1908.  The  lemons  show  httle  or  no  results  from  the 
inoculation.  On  some  of  the  pomelos,  however  (Nos.  59,  62,  63,  65, 
and  72),  knots  appear  to  be  forming.  The  inoculations  on  Oitrua 
trifoliata  have  also  caused  some  swelling,  but  it  is  less  than  that  on 
the  pomelos.  The  limes  inoculated  as  checks  were  destroyed  at  the 
time  of  the  removal  of  the  trees  from  one  greenhouse  to  another, 

October  15,  1908.    Nos.  66  and  81  cut  off  and  put  into  alcohol. 
Both  show  slight  swelUng. 
34818°— Bui.  247—12 1 
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November  13,  1908.    The  inoculated  trees  appeared  as  follows: 
Lemon: 

No.  54.  Very  little  swelling,  probably  wound  reaction 
only. 

No.  55.  Slight  swelling;  appears  to  be  more  than  mere 
wound  reaction. 
No.  66.  Like  55. 
No.  57.  Like  54. 
No.  58.  Slight  swelling. 
Nos.  68  to  70.  Little  or  no  swelling. 
No.  71.  Some  swelling.    It  may  be  only  wound  reaction. 
Nos.  74  to  76.  Very  Httle  swelhng,  probably  only  wound 
reaction. 
Pomelo : 

No.  59.  Slight  swelling,  but  looks  like  more  than  a  wound 
reaction. 

No.  60.  Swelling  8  mm.  long  and  about  4  mm.  high. 
Kjiot  seems  to  be  forming. 
No.  61.  Cut  off  August  4. 

No.  62.  Swelling  about  1^  cm.  long  and  about  2  mm. 
high. 

No.  63.  Swelling  extending  about  half  way  around  the 
branch.    It  is  about  2  mm.  high. 

No.  64.  Considerable  swelling,  about  8  mm.  long. 
No.  65.  Swelhng  about  1^  mm.  long. 
No.  66.  Cut  off  October  15,  1908. 
No.  67.  Slight  swelling.     (Made  on  the  trunk.) 
No.  72.  Small  knot  about  4  mm.  in  diameter. 
No.  73.  Little,  if  any,  swelling. 
Nearly  all  of  tlie  pomelos  look  as  tliough  knots  were  forming. 
Citrus  trifoliata: 

Nos,  77  to  79.  Considerable    swelling.    £nots    probably 
are  forming. 

No.  80.  Slight  swelhng. 
No.  81.  Cut  off  October  15,  1908. 
No.  82.  Shght  swelling. 
Nos.  77  to  79  are  on  one  tree;  Noa.  80  to  82  on  another. 
December  2,  1908.     End  of  pomelo  branch  on  which  is  inoculation 
No.  60  is  <lead.    A  small  knot  about  1  nun.  long  and  2  cm.  high. 
Cut  off. 

February  11,  1909.     No  change. 
August  20,  1909  (14  months). 

Lemon.     In  no  case  has  a  knot  formed.     On  some  of  the  inocu- 
lated branches  there  has  been  a  alight  swelling,  but  it  is  little,  if 
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any,  more  than  a  wound  reaction.    Immature  pycnidia  are  present 

on  Noa.  68  and  70. 

OUrus  trifoliaia.  Two  f airly  good  small  knots  have  formed  on 

the  CHItub  trifoliata  trees.    One  (No.  77]  measures  5  by  3  by  2 

mm.  and  another  Qio.  79)  measures  S  by  4  t^  2  mm.,  ca.    In  No. 

77  a  second  small  swellmg  3  mm.,  ca.,  in  diameter,  is  present. 

The  rest  of  the  CSirua  tnfoliata  inoculations  show  more  or  less 

swelling,,  and  in  one  case  (No.  80)  there  are  a  few  mature  pycoidia. 
Pomelo.  There  has  been  Httle,  if  any,  increase  in  the  amount  of 

swelling  since  November,  1908,  at  which  time  considerable  tumor 

tissue  had  formed.     Immature  pycnidia  formed  on  the  bark  of 

No.  54. 

A  year  later,  November  10,  1909,  the  following  observations  were 
made  by  Dr.  Smith  prior  to  the  removal  of  the  trees  to  another 
greenhouse: 

No.  62  (pomelo).  Scat  bears  in  ita  upper  portion  n  well-defined  small  tumor.  Thia 
is  a  roundish  one  about  5  mm.  in  diameter  and  about  4  mm.  hi^. 

No,  63  (pomelo).  Swollen  at  the  point  of  inoculation  but  no  well-defined  tumtff. 
About  2  inches  above,  at  the  origin  of  the  leaf,  there  ii  a  small  nodosity  covered  with 

No.  65  (pomelo).  The  whole  punctured  area,  which  ia  about  2  cm.  long,  has  devel- 
oped a  stunted  tumor,  which  has  not  grown  any  recently.  (Inoculation  on  a  tenninal 
shoot  which  has  made  no  growth.) 

No.  73  (pomelo).  At  the  extreme  upper  part  of  Uiia  scar  there  is  a  well-developed 
small  tumor  about  4  mm.  in  diameter.  (Iikoculation  ia  at  the  base  of  a  branch  half 
an  inch  in  diameter.) 

No.  77  (Cilrat  tri/oliala).  This  inoculaUon,  3  feet  from  the  end  of  a  snail  ahoot, 
bean  two  distinct  tumors  in  the  scar.  They  ore  rounded  up,  a  gray  white,  and  aa 
plain  tumors  as  any  we  have  ever  obtained,  although  yet  small.  The  largest  one  is 
about  6  by  5  by  4  mm.    The  other  is  about  half  the  sise. 

No.  78  (Citrug  trifoliata).  Small  shoot  wilh  sUgbt  «vidence  of  tumor  tissue  in  the 

July  20,  1910.  No.  77  {Oitrua  tnfoliata).  Two  good,  though  small 
knots,  one  6  by  6  by  4  mm.,  the  other  nearly  as  large.  Those  are  on 
the  Ups  of  the  wound. 

No.  78  iOitrus  trifoliaia).  Tumor  tissue. 

No.  79  iOitrus  trifoliaia).  Knot  9  by  7  by  3  mm. 

August  14,  1910,  No.  77  {(Ktrus  trifoliata).  Surface  covered  with 
pycnidia,  containing  the  large,  hyalin,  1-celled  spores.  Cut  off  and 
taken  into  the  laboratory. 

Summary. — Pomelo.  Small  but  distinct  tumors  formed  at  6  of  the 
11  points  of  inoculation  and  more  or  less  tumor  tissue  at  4  others. 
One  was  doubtful. 

OUrus  trifoliata.  Good,  thou^  small,  knots  in  two  of  the  six  inocu* 
lations  and  tumor  tissue  in  the  other  four.     Pycnidia. 
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Lemon.  No  knote  and  little,  if  any,  swelling. 
Time.  Lost  or  destroyed  during  the  removal  from  one  hothouse 
to  another  early  in  the  course  of  the  experiment. 

INOCULATIONS   (lIHE    STSAIN)  ON   LUIB,   JUNE  27,  1908. 

Another  set  of  inoculations  was  made  on  limea.  These  were  young 
trees  (Tahiti  and  Florida  seedhng)  which  had  juat  been  received  from 
the  nursery  and  they  had  been  cut  back  severely  for  transplanting. 
All  the  young  twigs  had  been  removed,  so  that  all  the  inoculations 
were  made  on  the  trunks.  The  method  employed  was  the  same  as 
m  the  preceding  experiments. 

Nos.  89  to  94  were  inoculated  from  corn-meal  fiask  culture  2, 
June  15,  1908. 

Nos.  95  to  100  were  inoculated  from  corn-meal  flask  culture  3, 
June  15,  1908. 

Both  cultures  were  descended  from  an  isolation  made  March  11 
from  one  of  the  secondary  tumors  occurring  on  one  of  the  trees  first 
inoculated. 

November  13,  1908,  With  the  exception  of  the  two  trees  on 
which  are  inoculations  Nos.  95  and  100,  all  have  died  back  below  the 
point  of  inoculation.  On  these  two  trees,  however,  knots  apnear  to 
be  forming. 

No.  95.  Swollen  place  about  IJ  cm,  long  and  2  mm.  hi^.  Tlus 
13  still  partially  covered  by  the  old  bark,  which  has  become  lighter 
in  color. 

No.  100.  Shows  only  slight  swelling,  but  knot  seems  to  be  forming. 

August  20,  1909.  There  has  been  no  increase  in  the  amount  of 
tumor  tissue  within  the  last  nine  months. 

Summary. — Tumor  tissue  formed  in  two  cases.  In  all  the  others  the 
trees  which  had  been  pruned  for  transplanting  died  back  to  a  point 
below  the  place  of  inoculation. 

INOCULATIONS    (lIHB  STRAIN)  ON  LEHON,  TANOERINE,  AND  KUMQUAT, 
JULT,  1008. 

Inoculations  were  made  by  the  gardener  under  Dr.  Smith's  direc- 
tion.   Pieces  of  bark,  including  a  bit  of  the  wood  from  young  lime 
knots,  were  grafted  into  some  trees  in  the  orange  house. 
December  2,  1908.    The  following  notes  were  made  by  Dr.  Smith: 
Lemon  (American  Wonder  variety).    In  each  of  the  three  inoculations  on  lemon 
(all  on  the  same  tree)  mnall  tumon  have  formed  in  the  scar  tiseuee.    The  la^tst 
is  now  8  mm.  long,  4  mm.  wide,  and  4  mm.  high.    These  have  doubled  in  aiEe 
ia  llie  last  six  weeks. 
Tangerine  (St,  Michael).    One  of  the  two  inoculations  looks  hopeful. 
Kumquat.     No  ewelUng  at  pointe  of  inoculation. 
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February  11,  1909. 

Lemon.  The  tumors  in  the  scar  tissues  have  increased  veiy  much 
in  size.  The  largest  is  about  2  by  H  by  1  cm.  high.  Gum  is  oozing 
from  some  of  them. 

Tangerine.  Knots  forming  very  slowly,  if  at  all.  One  of  the 
inoculations  looks  hopeful. 

Kumquat.  Very  little  swelling. 

Ju&e  16, 1909.  Photographed  one  of  the  knots  on  lemon  (PI.  X). 
They  have  increased  comparatively  httle  in  size  in  the  last  few 
months.  This  tree  was  a  very  vigorous  lemon  only  a  few  years  old 
and  therefore  was  supposed  to  be  in  good  condition  (or  infection. 

August  20,  1909. 
Tangerine.  In  one  of  the  wounds  a  knot  5  mm    in  diameter 

has  formed.    The  edges  of  the  cut  are  considerably  swollen  in 

both  inoculations. 

Kumquat.  Considerable  swelling  in   the  wound   in   one   inocu- 
lation.    No  reaction  at  all  in  the  others. 

November  10,  1909.  Dr.  Smith  made  the  following  notes  on  the 
lemon  prior  to  its  removal  to  another  greenhouse: 

Ckiiuideriiig  the  length  of  time  which  haa  elapsed,  the  development  of  the  knots 
on  thia  variety  of  lemoD  haa  been  very  dow.  The  conditions  at  present  are  as  follows: 
Tree  full  of  fruit,  which  iaof  very  large  size.  The  lowest  point  of  inoculation  is  about 
3  feet  from  the  ground  in  stem  now  nearly  2  inches  in  diameter.  The  scar  bears 
irregular  tumor  tissue  not  much  elevated :  also  a  central,  we II -developed,  rounded-up 
tumor  which  is  about  2  cm.  by  2  cm.  by  15  mm.  high.  About  one-fifth  of  a  foot  up 
the  stem  is  another  scar,  which  bears  eight  small  tumors  varying  in  size  from  1  to  1.2 
cm.  in  diameter.  The  third  wound,  on  another  branch,  bears  two  small  tumors  on 
one  side  of  the  scar.     These  are  each  about  1  cm.  in  diameter. 

January  27,  1911.  The  knots  on  the  lemon  have  increased  in  size 
astonishingly  of  late,  considering  the  slow  rate  at  which  they  have 
developed  hitherto.  The  largest  knot  is  now  about  2.5  cm.  in  diam- 
eter. 

Summary. — Lemon.     Excellent  tumor  formation  in  every  case. 

Tangerine.  Small  tumor  in  one  case  and  tumor  tissue  in  the  other, 

Kumquat.  Small  amount  of  swelling  in  one  instance;  otherwise 
no  result. 

INOCULATIONS    (ORANQB    STRAIN)    ON    UUE,    FEBRUAKY    24,    1909. 

Twelve  inoculations  were  made  on  lime  trees  with  the  fungus  iso- 
lated January  14,  1909,  from  orange  knots  received  from  Jamaica. 
A  potato-agar  slant  culture  28  days  old  was  used  for  the  purpose,  and 
the  inoculations  were  made  in  the  way  described  under  the  lime- 
knot-^ungus  inoculations.  Nos,  3  and  10  were  made  on  the  trunk 
and  the  others  on  the  youngest  green  twigs  available.  The  inocu- 
lations were  made  on  trees  which  had  been  growing  in  the  greenhouses 
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for  about  eo^t  months.    There  were  qo  tender,  rapidly  growing 
shoots. 

On  April  15  there  was  noticeable  swelling  at  the  point  of  inocula^ 
tion,  and  four  weeks  later  (May  13)  signs  of  infecUon  were  unmis- 
takable in  the  following: 

No.  1.  EJiot  about  1  cm.  long  and  0.75  cm.  thick. 

No.  2.  Much  less  swelling  than  in  No.  1,  but  knot  appeared  to  be 
forming. 

No.  4.  Stem  at  point  of  inoculation  swollen  to  about  twice  the 
diameter  of  the  rest  of  the  branch. 

No.  5.  Slight  swelling,  but  indicative  of  knot  formation. 

Five  months  after  inoculation  (July  29)  inoculation  No.  1  was 
removed.  It  had  increased  veiy  little  in  size  since  May,  but  in  the 
mean  time  the  branch  bearing  it  had  died. 

Microscopical  examination  of  the  knot  showed  the  black  mycelium 
present  in  abundance,  especially  in  the  inner  layer  of  bark. 

On  August  13,  1909,  all  the  inoculations  with  the  exception  of  the 
two  on  the  trunk  (Nos.  3  and  10)  and  one  other  (No.  12)  showed 
signs  of  infection,  as  follows: 

No.  2.  Knot  about  1.25  cm.  long  and  0.75  cm.  thick. 

No.  4.  Good  small  knot  about  1  cm.  long  and  0.5  cm.  thick. 

No.  5.  Considerable  swelling. 

No.  6.  Considerable  swelling. 

No.  7.  Slight  swelling. 

Nos.  S  and  9.  CTonsiderable  swelling,  knots  clearly  fonning. 

No.  11.  Slight  swelling. 

There  was  at  this  date  a  striking  difference  between  this  set  of 
inoculations  and  those  made  with  the  lime-knot  fungus  24  hours  later 
(Feb.  25,  1909,  see  p.  53).  In  the  latter  there  was  only  very  slight 
swelling  at  the  point  of  inoculation.  Fotato-agar  slant  cultures  4 
weeks  old  were  used  in  both  cases.  The  orange  strain  used  in  this  set 
of  inoculations,  however,  bad  been  isolated  only  six  weeks,  whereas 
ih.e  lime  strain  used  for  the  inoculations  of  February  25  had  been 
growing  for  Hi  months  on  artificial  media. 

On  November  10,  1909,  the  following  notes  were  made  by  Dr. 
Smith  prior  to  the  removal  of  the  trees  to  another  hothouse: 

No.  2.  Two  well-developed  small  tumoiH,  e&ch  &bout  I  cm.  in  diameter.  The 
inoculated  branch  ia  nnall  and  Htimted  (about  4  mm.  in  diameter). 

No.  4.  The  Bear  bears  a  distinct  tumor  about  1,5  cm.  by  S  mm.  by  4  mm.  high. 

No.  5.  A  distinct  tumor  in  the  ecar.  It  ie  about  2  cm.  long  »nd  not  ma<^  raised 
above  the  surface  of  the  Bt«m. 

No.  6.  Stunted  small  shoot  bearing  a  distinct  small  tumor  in  the  inoculated  put. 

No.  7.  The  scar  has  welled-up  edges,  suggestive  of  tumor  tinue. 

No.  8.  A  stunted  small  shoot.    Distinct  tumor  tinue  in  the  scar. 

No.  9.  Shoot  stunted.    Tumor  tissue  in  the  scar. 

No.  11.  Distinct  small  tumor  at  the  base  of  the  shoot. 

No.  12.  The  extreme  tip  of  the  shoot  ha«  not  grown  any.    No  tumoc, 
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On  July  20,  1910,  the  trees  were  just  b^iiming  to  recover  from  the 
shock  of  transplanting  and  were  heglnning  to  put  out  new  shoota. 
The  following  observations  were  made  on  that  date: 

No.  4.  little,  if  any,  growth  of  the  tumor  since  November,  but  that 
part  of  the  inoculated  branch  above  tho  knot  (20  cm.)  is  dead. 
Mature  pycnidia  are  present  on  the  surface  of  the  knot,  and  micro- 
scopical examination  revealed  the  mycelium  extending  12  cm.  above 
the  tumor. 

No.  5.  Little,  if  any,  change  since  November. 

No.  6.  Tumor  tissue  8  cm.  long  by  4  mm.  wide  by  3  mm.  high, 
making  the  inoculated  portion  of  the  stem  twice  the  size  of  the  rest 
of  the  branch. 

No.  7.  Knot  8  by  6  by  4  mm.  There  is  also  in  the  wound  a  second 
knot  about  half  the  size,  with  considerable  swelling  of  the  stem 
between  the  two. 

No.  S.  The  inoculated  portion  of  the  stem  is  swollen  and  there  are 
two  knots  in  the  wound.  One  is  0.5  cm.  in  diameter  and  the  other 
about  7  by  4  by  2  mm. 

No.  9.  Considerable  tumor  tissue  in  the  wound. 

No.  II.  Knot  8  by  8  by  4  mm. 

Summary. — Typical  tumor  formation  in  9  of  the  12  inoculations. 
The  inoculated  shoots  were  8tunt«d  and  in  one  instance  all  of  that 
portion  beyond  the  knot  (20  cm.)  died.  The  black  mycelium  was 
traced  through  it  for  12  cm.  beyond  the  knot.  Two  of  the  inocula- 
tions which  failed  to  cause  infection  were  on  the  trunk  and  the  third 
was  on  a  shoot  which  made  no  growth  after  the  inoculation.  Mature 
pycnidia  were  observed  on  one  tumor  only  (No.  4). 

INOCULATIONS   (UME    STRAIN)  ON    LIMB,  FBBRUART   25,  1909. 

On  this  date  12  inoculations  (Nos.  101  to  112)  were  made  on  small 
lime  trees  which  had  been  growing  in  the  greenhouse  since  June, 
1908,  Three  trees  were  inoculated.  Two  of  the  inoculations  were 
on  the  trunk,  the  rest  on  fairly  young  green  shoots,  and  were  made  in 
the  manner  previously  described.  No  tender,  rapidly  growing  shoots 
on  the  trees.  Mycelium  from  a  potato-agar  slant  29  days  old  was 
used  (descended  from  an  isolation  of  March  11,  1908), 

August  13,  1909.  There  was  very  slight  swelling  in  all  except  the 
two  trunk  inoculations.     Knot  seems  to  be  forming  slowly  in  No.  106. 

November,  1909.     Trees  transplanted.     No  record, 

July  7,  1910.  No  knots  have  formed.  The  whole  branch  bearing 
inoculations  Nos.  102  and  103  is  dead. 

Summary. — No  formation  of  tumor  tissue.  The  trees  were  small 
and  stunted  at  the  time  of  inoculation,  and  some  months  later  several 
of   the  branches  (uninoculated   as  well  as  inoculated)  were  dying. 
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The  failure  of  the  moculations  may  be  due  to  this  condition  of  the 
trees  or  to  loas  of  viruleace  of  the  fungus,  this  strain  having  grown 
11^  months  on  artificial  media. 

INOCCLATIONS  (lIME   STBAIN)  ON  LEHE,  JULT  21,  1909. 

Three  very  young  tender  shoots  on  one  of  the  old  lime  trees  were 
inoculated.  This  tree  had  heen  previously  inoculated,  but  with 
little  success.  It  had  not  been  growing  well  previously,  but  it  was  at 
this  time  putting  forth  a  few  vigorous  shoots.  Fotato-agar  culture 
7  weeks  old  was  used  (descended  from  isolation  of  March  llj  1908). 

August  13,  1909.  No.  113.  Stem  swollen  at  point  of  inoculation 
to  one  and  one-half  times  the  diameter  of  the  rest  of  the  shoot. 

No.  114.  Considerable  swelling;  shoot  not  growing  well.  Cut  out 
and  examined  microscopically.    Mycelium  found  in  the  tissues. 

No.  115.  LitUe,  if  any,  swelling. 

The  shoots  grew  very  rapidly  for  a  few  days  after  inoculation,  but 
are  now  growing  slowly,  if  at  all. 

July  7,  1910.     No.  113.  Considerable  swelling. 

No,  116.  Very  Uttle  swelling. 

Summary. — More  or  less  swelling,  but  no  knots  were  produced. 
This  is  the  same  strain  used  for  the  lime  inoculations  of  February  25, 
1909.  It  has  now  been  growing  on  artificial  media  for  14§  months 
and  it  is  quite  probable  that  it  has  lost  its  virulence. 

INOCUI^TIONS   WITH   PTCN08P0RE8    (OEANGE   STRAIN)    ON   LIME   AND 
POMELO,  JULY  21,  1909. 

The  inoculations  were  made  from  a  potato  culture  (originating 
from  a  single  spore)  6  days  old,  the  surface  of  which  was  thickly 
dotted  with  round  white  masses  of  the  lai^e,  colorless,  one-celled  spores 
dischai^ed  from  the  pycnidia  buried  in  the  stroma.  This  striun  was 
isolated  six  months  prior  to  the  date  of  these  inoculations.  A  slit 
was  made  in  the  bark  with  a  sterile  knife  and  a  quantity  of  mycelium 
and  spores  inserted.  Wound  bound  with  raffia.  The  inoculations 
were  numbered  as  follows: 
Lime: 

Nos.  13  and  14,  on  same  tree,  bearing  only  fairly  young 
branches.     No  tender  shoots. 

Nos.  15  to  17,  on  second  tree,  bearing  only  fwrly  youog 
branches.     No  tender  shoots. 
Nos,  18  to  20,  on  very  tender  shoots  on  a  third  tree. 
Pomelo : 

Nos.  21  and  22,  on  young  branches  of  pomelo  previously 
inoculated  with  hme-knot  fungus  with  little  or  no  effect. 
These  branches  or  shoots  were  young,  with  leaves  still  pale 
green,  but  had  already  become  woody.  -,  , 
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All  of  these  trees  bad  been  inoculated  before,  but  no  large  knots  or 
even  fair-sized  ones  had  been  produced  and  no  secondary  knots  ever 
formed.  There  were  very  few  tender  shoots  on  the  trees,  but  some 
were  beginning  to  push  out.  Eight  days  after  inoculation  the  shoots 
were  growing  rapidly  and  gum  was  exuding  from  the  wounds. 

On  August  13,  1909,  tliree  weeks  after  inoculation,  the  fungus  was 
fruiting  on  three  of  the  stems  (Nos.  15  to  17).  There  was  a  slight 
swelling  of  the  woody  tissues,  and  the  black  mycelium  had  grown  all 
tlirough  the  strip  of  bark  cut  for  the  insertion  of  the  inoculating 
material  and  had  produced  pycnidia  filled  with  the  characteristic 
lai^ge,  hyalin,  1-celIed  spores.  Some  of  the  pycnidia  were  buried 
deeply  in  the  bark  tissues;  others  were  bursting  through  tlie  epider^ 
mis.  There  was  no  stroma  and  little  or  no  subiculum.  The  epi- 
dermis had  turned  grayish  white.  The  detailed  observations  of  the 
inoculations  are  as  follows: 
Nos.  13  and  14,  Slight  swelling.  Not  very  vigorous  shoots. 
No.  15.  Slight  swelling.  Small  amount  of  gummy  exudate.  Pyc- 
nidia breaking  through  the  epidermis. 

No.  16.  Slight  swelling.  No  gum.  Pycnidia  breaking  through 
the  epidermis. 

No.  17.  Resembles  No.  16,  but  tliere  is  less  swelling.  No  gum. 
Pycnidia  breaking  through  to  the  surface. 

No.  18.  Broken  off  some  days  ago.    There  was  slight  swelling. 
No.  19.  Some  swelling.     No  gummy  exudate. 
No.  20.  Considerable  swelling.     Lai^e  amount  of  gum. 
Nos.  21  and  22  (pomelo).  Little,  it  any,  swelling. 
Measurements  were  made  of  the  pycnidia  and  pycnospores  from 
inoculation  No.  15.     Tlie  former  measured  162  to  192  u  by  152  to 
160  fi,  the  latter  20  to  32  /i  by  8  li. 
August  20,  1909. 
Lime. 

Nos.  13  and  14,  No  change. 

No.  15.  Edge  of  the  wound  much  swollen.    Mature  pyc- 
nidia. 

No.  16.  Good  production  of  tumor  tissue.    Mature  pyc- 
nidia. 

No.  17.  Considerable  tumor  tissue.     Mature  pycnidia. 
No.  19.  Considerable  tumor  tissue. 

No.  20.  Stem  at  point  of  inoculation  is  twice  its  normal 
size. 
Pomelo. 

No.  21.  Considerable    tumor    tissue.     Mature    pycnidia 

bursting  through  the  epidermis,  which  has  become  grayish 

white.    The  tissue  beneath  it  is  so  full  of  the  black  mycelium 

that  it  appears  black. 

No,  22.  Little,  if  any,  swelling.    Tissues  appear  black, 
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Gum  is  no  longer  exuding  and  haa  not  been  produced  in  any  inocu- 
lations  additional  to  those  noted  on  August  13. 

November  10,  1909.  Notes  made  by  Dr.  Smith  prior  to  removal 
of  trees  to  another  hothouse: 

No.  13.  Twig  growing  very  slowly.  Dafiaite  small  tumor,  but  it  is  not  growing 
very  rapidly.    It  is  1  cm.  by  3  mm.  by  3  mm.  hi^  and  covere  the  whole  wound. 

No.  14.  Upper  haU  of  the  inoculated  place  bean  a  distinct  small  tumor  about  6 
by  4  by  3  mm.    Twig  Htunt«d.    Scarcely  any  growth  eince  inoculation. 

No.  15.  Tbia  inoculation  baa  made  marked  progress  eince  August  13.  There  is 
no  longer  a  particle  of  doubt  that  the  spores  found  in  cultures  of  the  orange  strain 
belong  tA  the  life  cycle  of  this  fungus.  The  tumor  is  cork  yellow  in  color,  1.5  cm. 
long  and  1  cm.  wide  in  the  widest  pcotion,  and  nearly  surrounding  the  8t«m,  which  is 
not  over  2  to  3  mm.  in  diameter. 

No.  17.  Decided  growth  in  the  last  1)  months.  Tumor  is  now  a  greenish  white, 
cracking  open,  and  nearly  1  cm.  in  diameter.  The  stem  is  about  3  to  4  mm.  in  diana- 
eter.  There  is  a  similar  tumor  on  the  other  side  of  the  stem  a  little  lower  down, 
i.  e.,  at  the  extreme  base  of  the  point  inoculated. 

No.  20.  There  has  been  evidence  ut  a  email  tumor.  Shoot  has  not  made  much 
growth. 

July  7,  1910.     The  trees  are  just  beginning  to  recover  from  the 
removal  to  the  new  greenhouse  and  are  putting  forth  new  slioots. 
Lime. 

No.  13.  Inoculated  shoot  dead.  It  has  made  Uttle,  if 
any,  growth  since  inoculation.  The  dead  tip,  which  is  6.5 
cm.  long,  is  covered  with  pycnidia  full  of  the  large  hyalin 
continuous  spores.  The  tumor  has  increased  little,  if  aiy, 
in  size  since  November,  1909. 

No.  14.  Inoculated  tip  (6.6  cm.  long)  is  dead  and  cov- 
ered with  pycnidia.  The  tumor  has  increased  httle,  if  any, 
in  size  in  the  last  S  months. 

No.  15.  Good  knot  J. 5  cm.  by  1  cm.  by  7  mm.  Swelling 
extends  about  2  cm,  beyond  the  knot  (covering  the  whole 
wound).  Small  second  knot  also  in  the  wound.  Portion 
of  branch  beyond  the  knot  is  dead.  Pycnidia  buried  in  the 
wood. 

No.  20.  All  of  inoculated  branch  beyond  the  knot  (5  cm. 
in  length)  is  dead.    Many  pycnidia  on  the  stem  below  the 
knot.    The  latter  has  increased  httle,  if  any,  in  size  in  the 
last  eight  months, 
December  17,  1910. 

No.  15  now  bears  a  knot  about  2  cm.  in  diameter. 
March  9,  1911. 

No.  15.  Knot  4.5  cm,  in  diameter  girdling  the  stem. 
No.  17.  End  of  branch  dead.     Removed. 
Summary. — Limes.    Knots  were  produced  on  all  (5)  that  were 
under  observation  for  more  than  a  month,  and  tmnor  tissue  in  the 
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three  others;  pycnidia  appeared  on  six,  and  in  five  cases  that  por- 
tion of  the  branch  beyond  the  knot  died. 

Pomelo.  These  were  under  observation  only  a  montli.  During 
tba.t  period  pycnidia  and  considerable  tumor  tissue  formed  on  one, 
while  the  other  showed  little,  if  any,  sign  of  infection. 

INOCULATIONS     (LIUE    STRAIN)    ON     LIME,    KUMQUAT,  AND     POMELO, 
JULY  29,  1909. 

On  this  date  another  set  of  inoculations  was  made  on  tender  shoots 
of  lime,  kumquat,  and  pomelo.  Mycelium  from  potato  culture  seven 
days  old  (isolation  of  July  22,  1909,  from  secondary  knot  on  Tree  II, 
inoculated  December  1, 1904)  was  inserted  into  the  stem  in  the  manner 
previously  described. 

Inoculations  were  numbered  as  follows: 
Lime. 

Nos.  116  and  117,  very  young,  tender  shoote,  not  at  all 
woody. 
Kumquat. 

Nos,  118  and  119,  young,  very  slightly  woody. 
Pomelo. 

Nos.  120  and  121,  young  rapidly  growing  shoots.      One 
slightly  woody  at  point  of  inoculation,  the  other  not  at 
all  hard. 
August  13,  1910.     Slight  swelling  in  both  lime  inoculations.     Lit- 
tle, if  any,  in  the  kumquat  and  pomelo. 

August  20,  1909,  Mature  pycnidia  and  spermagonia  pushing 
through  the  epidermis  in  No.  116.  There  has  been  a  copious  growth 
of  mycelium  under  tlie  epidermis,  but  no  stroma  has  been  formed. 
There  is  slight  but  unmistakable  swelling. 

Both  of  the  pomelos  show  a  very  good  production  of  tumor  tissue, 
considering  the  short  time  which  has  elapsed  since  the  inoculation 
(22  days).  There  has  been  as  much  swelling  as  in  inoculations  of 
tiie  same  date  made  with  the  orange  strain.  In  No.  120  tlie  swelling 
measures  1.5  cm.  by  4.  mm.  by  2  mm.,  ca,,  and  in  No.  121  it  is  1  cm. 
by  4  mm.  by  2  mm.,  ca. 
Little,  if  any,  swelling  in  the  kumquats. 
July  7, 1910. 

No.  116.  Label  lost  during  removal  to  new  hothouse. 
,  No.  117  (lime).  Distinct  tumor  tissue. 
No.  120  (pomelo).  Swelling  1.5  cm.  by  1.5  cm.  by  0.25  cm., 
extending  half  around  the  stem. 

No.  121  (pomelo).  Tumor  1.75  cm,  by  0.5  cm.  by  4.  mm.,  ca. 
The  whole  tip  of  the  branch  (7.5  cm.  beyond  the  knot  and  1,25 
cm.  below)  ia  dead,  and  thickly  covered  with  the  pycnidia  of  this 
fimgus. 
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Summary. — ^Lime.  Tumor  tissue  formed  in  both  of  the  inoculated 
shoots,  and  pycnidia  and  spermagonia  on  one  of  them  (three  weeks). 

Pomelo.  Typical  small  tumors  in  both  cases.  One  of  the  inocu- 
lated branches  died  and  was  covered  with  the  pycnidia  of  Sphaeropgie 
tumefadeM.  A  Dtplodia,  closely  resembling  Diplodia  naialtnsis  Pole 
Evans  and  producing  a  rot  of  lemons  and  apples  similar  to  that 
caused  by  the  latter,  was  also  found  fruiting  on  this  dead  branch  and 
isolated  from  it.  It  is  plainly  distinguishable  from  the  Sphaeropais, 
however,  even  when  immature. 

Kumquat.  Little,  if  any,  results  from  the  inoculation.  Under 
observation  only  22  days,  the  labels  being  lost  on  removal  to  the  new 
hothouse. 

INOCUIjiTIONS    (NOHFEUmNG  OBANOE    STBAIN)    OK   LIME,    EUUQUAT, 
AND  POMELO,  JULY  29,  1909. 

Six  inoculations  (Nos.  23  to  28)  were  made  on  tender,  rapidly 
growing  shoots  on  trees  in  the  greenhouse.  Pieces  of  the  stroma 
from  a  potato  culture  7  days  old  (a  second  isolation,  July  22,  1909, 
from  the  Jamaican  orange  knots,  containing  no  spores)  were  insert«d 
into  slits  in  the  bark  and  the  wound  was  bound  with  raffia.  The 
inoculations  were  numbered  as  follows: 

Nos.  23  and  24,  shoots  very  tender  and  not  at  all  woody. 

Kumquat. 

Nos.  25  and  26,  young  shoots  but  slightly  woody. 

Pomelo. 

Nos,  27  and  28,  very  tender  rapidly  growing  shoots. 
Leaves  not  entirely  unfolded. 
August  13,  1909. 

No.  23  Oime).  Considerable  awelling.     Small  amount  of  gum. 

No,  24  Ohne).  Slight  swelling.  Gummy  exudate.  Cut  off 
and  examined  microscopically.  Mature  pycnidia  bursting  through 
the  epidermis.  Pycnidia  measured  176  to  192  n  by  120  to  122  /i. 
Spores  16  to  24  ju  by  6  to  8  ji. 

Nos.  25  and  26  (kumquat).  Little,  if  any,  swelling. 

Nos.  27  and  28  (pomelo).  Slight  swelling.     Small    amount   of 
gum. 
August  20,  1909. 

No.  23  Gime).  Pycnidia  bursting  through  the  epidermis  in  great 
numbers.  Abundant  growth  of  mycelium  beneath  the  epidermis, 
but  no  stroma.     Swelling  about  2  mm.  thick. 

No.  27  (pomelo).  Swelling  5  by  4  by  2  mm.,  ca. 
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No.  28  (pomelo).  Swelling  1  cm.  by  3  mm.  by  2  mm.    Gum  is 
no  longer  exuding  from  the  wounds. 

Nos.  25  and  26  (kumquat).  Little,  if  any,  swelling. 
August  31,  1909. 

No.  23  (lime)  brought  into  the  laboratory  for  sections.     Con- 
siderable tumor  tissue. 

November  10,  1909.  Notes  made  by  Dr.  Smith  prior  to  the  re- 
moval of  trees  to  another  greenhouse: 

No.  27  (pomelo).  On  a  stunted  tenninal  shoot  which  has  not  grown  much  since 
the  date  of  inoculation  there  is  a  distinct  small  tumor  following  the  whole  of  the 
scar.    This  ia  about  1  cm.  long  by  8  mm.  broad  by  3  mm.  high. 

No.  28  (pomelo).  A  small  stunted  branch.  Oveigrowthof  tbeedgeeof  the  wound 
to  euch  an  extent  that  I  think  it  is  abnormal  but  not  eo  well  defined  a  tumor  as  the 
preceding. 

July  7,  1910. 

No.  27  (pomelo).  Swelling  1  cm.  long  by  3  mm.  high  and  ex- 
tending half  way  around  the  stem. 

No.  28   (pomelo).  This  tumor   has  grown   httle  in   the  last   8 

montlis.     It  is  now  about  1  cm.  long  by  3  mm.  high  and  extends 

half  around  the  stem. 

Summary. — Lime.  Tumor  tissue  and  great  numbers  of  pycnidia 
in  both  cases.     Under  observation  only  22  to  30  days. 

Pomelo.     Small  tumors  in  both  cases.     Inoculated  shoots  stunted. 

Kumquat.  little,  if  any,  result  from  the  inoculation.  Under 
observation  only  22  days,  the  labels  being  lost  on  removal  to  new 
hothouse. 

INOCULATIONS   WITH   PTCNOSPOBES    (OBANGE   STRAIN)    ON   LIME,   JULY 
20,  1910. 

Six  inoculations  were  made  on  a  lime  tree  which  had  been  grow- 
ing in  the  hothouse  since  June,  1908.  It  was  putting  forth  many 
vigorous  young  shoots  at  the  time  of  inoculation.  A  potato  culture 
9  days  old  which  was  fruiting  abundantly  was  used  (descended  from 
isolation  of  January  14,  1909).  The  inoculations  were  numbered  as 
follows : 

No.  29.  Vigorous  young  tender  ahoot  20  cm.  long  (i.  e.,  new 
growth),  inoculated  12  cm.  from  tip. 

No.  30.  Tender  vigorous  shoot  13.5  cm.  long,  inoculated  4.5  cm. 
from  base. 

No.  31.  Vigorous  tender  shoot  16  cm.  long,  inoculated  6  em.  from 
base. 

No.  32.  Shoot  young  but  woody,  18  cm.  long,  inoculated  8  cm. 
from  base. 

No.  33.  Like  No.  32,  21.5  cm.  long,  inoculated  at  base  of  shoot. 

No.  34.  Branch  5  mm.  in  diameter,  inoculated  at  base. 
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Spores  and  mycelium  were  inserted  into  slits  made  in  the  bark  or 
epidermis  with  a  sterile  knife.  Wounds  bound  with  raffia.  Checks 
made  also. 

August  2,  1910.  Inoculated  shoots  are  yigorous  and  growing 
well. 

No.  29.  Considerable  tumor  tissue.     Shoot  has  grown  9.6  cm. 
since  inoculation.     Mature  pycnidia  present. 
No.  30.  Broken  oflF  on  July  23. 

No.  31.  Conaderable  tumor  tissue.     Shoot  has  grown  16  cm. 
since  inoculation.    Mature  pycnidia  present. 
No.  32.  Pycnidia. 
No.  33-  Very  slight  swelling. 
August  17,  1910. 

No.  32.  Very  little  swelling  but  many  mature  pycnidia  and  a 
browned  area  extending  laterally  2  mm.  beyond  the  wound.  The 
shoot  has  made  no  growth  since  inoculation.  Many  of  the  brown 
septate  bodies  (see  description  of  fungus)  are  present. 

No.  33.  Considerable  tumor  tissue  and  many  pycnidia.  The 
shoot  has  not  grown  since  inoculation. 

No.  34.  Slight  swelling  at  point  of  inoculation. 
September  6,  1910.     Knots  on  all  except  No.  32,  which  shows  only 
a  comparatively  small  amount  of  tumor  tissue. 
December  17,  1910. 

No.  29.  Good  knot  1,5  cm.  long  by  l.cm.  wide.  No  growth  of 
shoot  smce  August  2. 

No.  31.  Fine  knot  encircling  the  branch  and  about  1.75  cm.  in 
diameter.     Surface  hght  colored  and  somewhat  fissured.     No  nor- 
mal bark.    No  pycnidia  observed  at  ttiis  date  (present  on  the 
bark  August  2).    The  shoot  has  made  no  growth  since  August  2. 
No.  32.  Knot  1  cm.  long  by  0,5  cm.  wide. 
No.  33.  Knot  about  the  size  of  No.  32. 

No.  34,  Excellent  knot  about  1.3+  cm.  long  by  1.3+  cm.  wide. 
Some  of  the  original  bark  remains,  but  it  is  very  light  colored. 
No  pycnidia  observed. 

All  have  formed  excellent  knots.  The  check  shows  nothing. 
None  of  the  inoculated  shoots  have  grown  since  August  2.  The 
normal  bark  is  gone  for  the  most  part  and  no  pycnidia  were  observed 
to-day. 

January  14,  1911.  Brought  No.  32  into  the  laboratory  and  made 
cultures  from  it  for  the  reisolation  of  the  fungus.  Mycelium  not 
present  in  great  abundance. 

January  25,  1911.  The  strain  isolated  from  No.  32  eleven  days  ago 
has  proved  to  be  a  vigorously  fruiting  one. 
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March  9,  1911. 

No.  29.  Brancli  dying  9  cm.  below  and  4.5  cm,  above  the  knot. 

No,  31,  Knot  3  cm.  in  diameter. 

No.  33.  Whole  branch  dead.    Cut  off. 

No.  34,  Knot  3  cm.  by  1.5  cm.  by  0.75  cm. 
June  20,  1911. 

No.  29,  Of  inoculated  branch  1}  feet  are  dead. 

No.  31,  Inoculated  branch  is  dead. 

No.  34,  Inoculated  branch  ia  losing  its  leaves  and  two  small 
shoots  branching  from  it  about  3  inches  above  the  knot  are  dead. 
Summary. — Excellent  knots  on  all  with  the  exception  of  No.  30, 
which  was  broken  off  three  days  after  inoculation.  The  young  tender 
shoots  which  were  growing  well  at  the  time  of  inoculation  continued 
to  elongate  r&pidly  for  at  least  two  weeks.  The  more  woody  ones  did 
not  increase  in  length  and  had  probably  ceased  to  grow  prior  to  the 
time  of  inoculation.  Pycnidia  present  on  three  shoots  within  two 
weeks  after  inoculation  and  on  a  fourth  two  weeks  later.  Three  of 
the  infected  branches  are  dead  and  the  fourth  is  dying  (11  months). 
The  strain  of  Sphaeropsia  tmrwfaciene  used  for  these  inoculations  was 
isolated  IJ  years  before,  but  had  been  fruiting  abundantly  throughout 
the  whole  series  of  cultures  in  which  it  had  been  growing  since  that 
time.  The  tree  was  making  an  unusually  good  growth  at  tlie  time 
of  inoculation, 

INOCULATIONS  (lIMB    STRAIn)  ON    LIHE,  JULY   20,  1910. 

Three  inoculations  were  made  to-day  on  a  lime  tree  which  had 
been  growing  in  the  hothouse  since  June,  1908.  A  potato  culture 
nine  days  old  was  used. 

No.  124.  Young  but  woody  branch,  2  mm.  in  diameter,  inocu- 
lated 20  cm,  from  the  tip. 

No,  125.  Young  woody  branch  2  mm.  in  diameter,  inoculated 

at  a  point  12  cm.  fromthe  tip  and  at  the  base  of  a  tiny  shoot  1  cm. 

long. 

No.  126.  Woody  branch  4  mm,  in  diameter. 

Incision  made  in  the  bark  with  a  sterile  knife,  and  myceUum  in- 
serted.    Wound  bound  with  raffia. 

July  23,  1910.  No  sweUing. 

August  2,  1910.  Shoots  making  good  growth. 

August  12,  1910.  Shoots  vigorous  and  growing  well.     No  swelling. 

September  6,  1910.  No  tumor  tissue  has  been  produced. 

December  17,  1910.  No  more  reaction  than  shown  by  the  checks. 

Summary. — No  formation  of  tumor  tissue.  The  strain  of  the  fun- 
gus used  for  these  inoculations  had  been  growing  2  J  years  on  artificial 
media  and  had  never  been  known  to  fruit.  It  had  probably  lost  its 
virulence. 
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GENZRAL  B.EMAS£8  ON  INOCT1XA.TION8. 

Successful  inoculations  liave  been  made  on  lime,  pomelo,  lemon, 
tan^rine,  and  Oitrua  trifoliaia.  Only  one  trial  (five  inoculations) 
was  made  on  oranges,  the  trees  not  being  available.  As  knots  occur 
on  oranges  in  the  field  and  as  infection  took  place  in  the  limes  inocu- 
lated the  same  day  with  the  same  culture,  the  failure  of  the  experi- 
ment was  probably  due  to  the  fact  that  the  trees  were  not  in  good 
condition  or  were  not  of  a  susceptible  variety. 

The  pedigrees  of  the  cultures  used  for  inoculation  have  been  traced 
and  a  comparison  of  these  indicates  that  a  gradual  loss  of  virulence 
accompanies  long-continued  cultivation  on  artificial  media,  unless 
the  strain  is  a  fruiting  one.  (See  Table  IV.)  Some  of  the  beet  results 
(see  lime  inoculations  (orange  strain)  of  July  20,  1910,  p.  69)  were 
obtained  with  a  strain  which  had  been  isolated  1}  years,  but  which 
had  been  fruiting  vigorously  in  the  various  transfers  made  throughout 
that  period.  On  the  other  hand  only  a  comparatively  small  amount 
of  swelling  was  produced  on  tender  rapidly  growing  shoots  inoculated 
with  a  nonfruiting  strain  which  had  been  isolated  143  months 
(see  lime  inoculations  (Ume  strain)  of  July  21,  1909,  p.  54),  and  inocu- 
lations of  vigorous  young  shoots  with  a  young  culture  of  the  same 
strain  2j  years  after  isolation  failed  altogether  (see  lime  inocula- 
tions (lime  strain)  of  July  20,  1910,  p.  61).  This  strain  had  been 
virulent  3i  montlis  after  isolation.  (See  pomelo  inoculations  of 
June  23,  1908,  p.  47.)  Woody  tissues  are  apparently  as  susceptible 
to  infection  as  young,  rapidly  growing  ones. 

Table  IV  summarizes  the  results  of  the  inoculations  and  various 
facts  of  interest  regarding  the  cultures  used  in  making  them. 
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iNOtnn^Tioira  oh  raw  fruits  (ume  and  orange  strains). 

Ijiocvlaiions  on  lemons. — Ripe  lemons  which  had  been  soaked  15  to 
20  minutes  in  HgClj  (I  to  1,000)  and  then  rinsed  in  distilled  water  were 
inoculated  by  inserting  bits  of  myceliimi  or  spores  imder  the  skin. 
Both  lime  and  orange  strains  of  the  fungus  were  used.  The  lemons 
were  then  placed  imder  a  dry  hell  jar.  In  three  days  the  inocidated 
area  was  soft  and  slightly  browned.  The  diseased  area  spread  rap- 
idly until  the  fruit  was  softened  throughout  and  the  entire  surface 
discolored.  The  rind  became  black  ultimately  and  was  coated  with 
grayish  white  myceliimi.  Within  a  month  the  lemon  inoculated  with 
spores  of  the  fruiting  orange  strain  was  covered  with  a  thin  stroma 
filled  with  pycnidia  discharging  whitish  to  yellowish  masses  of  spores, 
many  of  which  were  germinating.  The  majority  of  the  spores  were 
continuous  and  colorless,  but  many  were  yellowish  and  there  were 
also  numbers  of  one  to  five  celled  spores.  (PL  VIII,  fig,  2.)  A  few 
days  later  a  few  of  the  brown  septate  bodies  previously  described 
(p.  16)  were  observed. 

Repetitions  of  the  experiment  gave  similar  results.  Checks  under 
the  same  bell  jar  remained  sound. 

For  comparison,  inoculations  were  made  with  a  Diplodia  found 
fruiting  on  a  dead  branch  of  pomelo  bearing  many  pycnidia  of 
Sphaeropsistumefaciens.  (See  inoculation  No.  121  (pomelo),  July  29, 
1909,  lime  strain,  p.  58.)  The  effects  produced  by  the  two  fungi  are 
very  similar  and  resemble  the  black-rot  recently  described  by  Pole 
Evans,'  except  that  in  the  latter  the  lemons  become  distinctly  sticky 
and  there  is  a  greenish  brown  exudate  wherever  they  come  in  contact 
with  anything,  phenomena  wholly  lacking  in  the  inoculations  previ- 
ously described. 

Inoeulaliona  on  apples. — Rather  green  apples  were  inoculated  by 
inserting  bits  of  mycelium  or  spores  under  the  skin  (both  lime  and 
orange  strains  were  used).  They  were  then  placed  under  a  dry  bell 
jar.  In  four  days  there  was  a  brown  rotted  area  2  to  2,5  cm.  in 
diameter.  At  this  stage  the  softening  did  not  extend  beyond  the 
discoloration,  but  subsequently  it  advanced  more  rapidly  than  the 
browning.  In  eight  days  the  apples  were  softened  tliroughout,  but, 
with  the  exception  of  one  which  was  just  beginning  to  wither  slightly, 
they  had  retained  their  shape  perfectly.  In  12  days  mature  pycnidia 
were  present  on  the  apple  inoculated  with  the  fruiting  orange  strain. 
The  epidermis  finally  became  almost  entirely  black  and  somewhat 
shriveled.  Seventeen  days  after  inoculation  many  of  the  brown 
septate  bodies  (see  p.  16)  were  observed.     (PI.  \1II,  fig.  5.)     These 
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were  much  less  common  three  weeks  later.  (Under  obaerr&tioii  five 
weeks.) 

In  another  set  of  inoculations  the  apples,  though  aoft-rotted  through- 
out, did  not  begin  to  shrivel  for  over  two  weeks.  Although  pycnidia 
were  present  in  great  numbers  only  a  few  contained  spores.  These 
apples  were  under  observation  nearly  four  months. 

Apples  inoculated  with  the  Diplodia  (see  inoculations  on  lemons) 
rotted  much  more  quickly,  but  otherwise  behaved  similarly  to  the 
above.  This  Diplodia  resembles  Diplodia  nataUnsis  very  closely,  but 
the  spores  are  wholly  unlike  those  of  Sphaeropsis  tumefaciens,  even 
when  immature. 

InoculatioTis  on  pomelos. — Inoculations  were  also  made  on  very- 
yoimg  green  pomelos,  about  2.5  cm.  in  diameter,  still  on  the  trees. 
The  culture  used  was  a  9-day-old  potato  culture  which  was  fruiting 
abundantly.     There  were  no  signs  of  disease  in  three  months. 

smocABT. . 

1.  From  knots  on  lime  and  orange  trees  received  from  Jamaica  a 
fungus,  Sphaeropsis  tum^adens  Hedges,  has  been  isolated  which  repro- 
duces the  knots  when  sound  trees  are  inoculated  with  pure  cultures 
of  it.  Small  knots  have  also  been  obtained  on  pomelo,  lemon,  Citrus 
trifoliaia,  and  tangerine.  From  these  artificially  produced  knota  the 
fungus  has  been  again  isolated  and  with  it  successful  inoculations  oa 
sound  trees  have  been  made. 

2.  The  fungus  penetrates  the  tissues  far  beyond  the  original  point  of 
infection  (see  description  of  Tree  II,  inociilations  of  December  1, 1904, 
p.  42)  and  a  badly  infected  tree  is  a  mass  of  tumors,  sometimes  so 
close  together  that  one  can  not  put  a  finger  between  them.  On  the 
other  hand,  there  may  be  considerable  distance  between  two  secondary 
tumors  (li  feet  in  one  case  observed,  see  p.  42)  with  no  external  evi- 
dence of  the  fungus,  but  microscopical  examination  reveals  its  pres- 
ence in  small  quantities  throughout  the  intervening  portion  of  the 
stem.  This  important  fact  should  be  home  in  mind  in  pruning  for 
the  purpose  of  eradicating  the  disease. 

3.  An  abnormal  number  of  new  shoots  often  grow  from  the  knots, 
forming  a  witches'-broom.  This  b  characteristic  of  tlie  disease  under 
favorable  conditions. 

4.  Ultimately  that  portion  of  the  branch  above  the  knot  dies. 

5.  The  mycelium  may  occur  in  any  or  all  of  the  tissues  of  the  stem, 
producing  black  areas  if  present  in  abundance. 

6.  Pycnidiamayormaynotbeproduced.  The Jamaicanlimestr^n 
has,  up  to  this  time,  fruited  rarely,  pycnidia  having  been  observed 
only  in  a  few  very  old  cidtures,  and  a  small  number  of  artificial  infec- 
tions on  the  hosts  (lime,  pomelo,  and  Citrus  trifoliata).    A  vigorously 
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fruiting  orange  atrain  has  arisen,  however,  from  cultures  grown  from 
germinating  spores  in  plates  poured  from  pycnidia  in  a  C-months-old 
com-meal  culture.  Another  orange  strain  iaolated  later  from  the 
same  lot  of  knots  has  never,  to  the  writers'  knowledge,  produced 
pycnidia  in  culture  media,  although  it  has  produced  them  on  lime 
shoots  (see  inoculations  of  July  29,  1909,  p.  58) .  A  second  vigorously 
fruiting  orange  strain  has  been  isolated  from  one  of  the  knots  produced 
by  the  inoculations  of  July  20,  1910. 

7.  Spermagonia  occur  both  on  the  host  and  in  cultures. 

8.  Chlamydospores  are  qften  present  in  abimdance  in  old  cultures, 
but  have  never  been  observed  on  the  host. 

9.  No  perithecia  or  conidia  have  ever  been  observed, 

10.  A  stroma  is  produced  on  many  media  but  not  upon  the  host. 

11.  The  fungus  ia  easily  iaolated  by  ordinary  mycological  methods 
and  grows  well  on  a  lai^e  variety  of  media. 

12.  The  fungus  liquefies  gelatin,  partially  or  entirely  digests  casein 
(see  milk  cultures,  p.  32),  and  has  a  strong  diastasic  action.  Optimum 
temperature  about  30°  C. 

13.  The  fungus  can  hve  for  some  yeats  in  the  host.  It  has  been 
isolated  from  secondary  knots  four  years  and  eight  months  after  the 
tree  was  inoculated  and  one  year  after  it  has  been  cut  down  and 
brought  into  the  laboratory. 

14.  Affected  limbs  should  be  removed,  care  being  taken  to  cut  them 
off  well  below  the  lowest  knot  (see  "Summary,"  par.  2).  Badly 
diseased  trees  should  be  rooted  out  and  burned,  that  they  may  not 
prove  a  source  of  infection  to  sound  trees  through  the  dissemination 
of  the  fungous  spores.  Great  care  should  be  taken  to  select  only 
sound  trees  for  grafting  purposes.  The  recent  discovery  of  this  or  a 
similar  disease  in  Florida  aliould  put  growers  in  the  United  States  on 
their  guard  against  the  spread  in  this  country  of  a  new  menace  to 
citrus  fruits. 
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£tiology.    See  Etiology.  Page. 

Agar,  apple,  preparatioii 35 

apple  twig,  prep&ntion 35 

beef,  behavior  of  Sphaeropsig  tumefaciena 22-23 

preparation 35 

com  meal,  behavior  of  Sphaeropeis  tumefacienn 24-25 

preparation 35 

potato,  behavior  of  Sphaeropsie  tumefaciena 23-24 

preparation 34-35 

prune,  behavior  of  Sphaeropsin  tumefacieoa 21-22, 34 

prepamtioD 35 

Apple  agar.     See  Agar,  apple. 

cylinders,  eteamed,  behavior  of  Sphaeropeis  tumefaciena 28 

inoculationa  on  fruit  with  SphaeiopsiB  tumefaciena G7-C8 

twig  agar.    See  Agar,  apple  twig. 
AaeociatioD  experiment,  lime  aad  orange  atraina  uf  Sphaeropaia  tumefaeieua. .         34 

Banana,  cylindere,  ateamod,  behavior  of  Sphaeropeia  tumefacions 2T-2H 

Beef  agar.     See  Agar,  beef. 

bouillon.     See  Bouillon,  beef. 
Black-rot  of  lemona,  resemblance  to  rot  produced  by  Sphaeropsia  tumefaciena..        67 

Bouillon,  beef,  behavior  of  Sphaeropsia  tumefaciena 31-32 

preparation 35 

Brown  septate  bodies,  description 16-17 

Carrot,  cylinders,  steamed,  liehavior  of  Sphaeropsis  tumefaciena 28 

Chlamydoepores  of  Sphaeropaia  tumefaciena,  description Ifi 

See  aho  various  culture  media;  as  Agar,  Banana,  Carrot,  Lime  wood,  etc. 

Cirri,  discbai^ng  of  apores  of  Sphaeropsis  tumefaciena 15, 19, 20. 29, 30, 32 

Citrus  trifoliata,  inoculationa  with  Sphaeropsis  tumefaciena 39, 44r-49, 62, 66, 68 

Colonies  of  Sphaeropaia  tumefaciena  on  varioua  media 21-25 

Control  of  the  disease  caused  by  Sphaeropaia  tumefaciena 9,10,68,69 

Com  meal,  steamed,  behavior  of  Sphaeropeis  tumefaciena 17-21 

preparation 34 

Costa,  Geo:ge,  on  occurrence  of  lime  knot  in  Jamaica 10 

Culture  media,  preparation  tor  Sphaeropsis  tumefaciens 34-36 

Cushionlike  masaea  of  pseudotiasue.    See  Paeudotiseue. 

Deacripticn  of  knots  caused  by  Sphaeropeis  tumefaciena.    See  Knots. 
the  fungus.    See  Sphaeropsis  tumefaciens,  morpholog}'. 

Difletaaic  action  of  Sphaeropsis  tumefaciens 26, 39, 6U 

Dipiodia  natalenaia,  reaemblance  to  species  found 58, 68 

sp.,  inoculations,  comparison  with  Sphaeropeia 67 

occurrence  on  inoculated  branch  of  pomelo 'iS 

Disease,  etiology  of  knot  of  citrua  treee 12-13 

See  aleo  Control,  Girdling,  etc. 

Distribution,  geographical,  of  Sphaeropeis  tumefaciens 9 


iCbyGOO^^IC 


72  A   KNOT   OF    CITRUS   TREES. 

Fan. 

EradiciitioD  of  the  disease.    Set  CoDtfol, 

Etiology  of  knols  on  lime  and  orange 12-lS 

Evans,  I.  B.  Pole,  on  the  blaclt-rot  of  lemona 67 

Fermi 'b  solution,  preparaticai 35 

Florida,  knot  (HI  lime 9,6a 

Fraenkel  and  Yoge's  Bolution,  behavior  of  Sphaeropaie  tumefaciena 32 

preparation 36 

Fruit,  cylindeiB,  preparation M 

Fruiting  orange  etrain  of  Sphaeropds  tumefaciena,  origin 14,19-20,69 

Gelatin,  nutrient,  behaviOT  of  Sphaeropeis  tumefadena 25-26,69 

Geographical  distribution  of  Spliaeropeis  tumefacions 9 

Germination,  fragmenta  of  mycelium  of  Spbaeropsis  tumefaciens 16,29 

sporefl  ot  SphaeropaiH  tumefaciens., 19, 24 

Girdling  of  stem  by  Sphaen>psiB  tumora 11 

Growth,  rate  of  development  of  Sphaeropsia  tumora 11 

Gum,  production  by  Sphaeropeia  tumefaciena 11,41,43,51,55,58 

Infection,  artificial,  by  Spbaeropeis  tumefaciens 12 

by  Spbaeropaia  tumefadena,  reaults 11,41,68 

5«  also  Inoculaliona, 

Inoculaiions,  general  remarka 62 

on  raw  fruits 67-68 

summaries 43, 44, 47, 49-51. 53-54, 56-59, 01. 63-«6 

tabulated  resulla 63-6ft 

with  SphaeropsiB  tumefaciene 12, 39-68 

Stc  a/go  namesof  hoslB;  as  Lime,  Pomelo,  etc. 

Intercellular  spaces  occupied  by  mycelium  of  Sphaeropaia  tiunefaciena 12 

Iy<ilatioa  of  Sphaeiopsia  tiunefaciena  from  artiGcial  infecliond. .  9, 14, 40, 43, 60, 68-69 

atem  beyond  knota 12, 13 

methods 12, 13 

Bourceu  of  material 9. 12, 17, 27, 61 

See  alio  Jamaica. 

Jamaica,  control  of  disease  caused  by  Spbaeropeis  tumefaciens 9-10 

aource  of  material  for  atudy  of  Sphaeropaia  tumefaciens 9,  IT,  27, 51, 68 

Knots  caused  by  Sphaeropsis  tumefaciens,  descriptioo 10-12 

microscopical  appearance 12 

rate  of  growth 10-11 

secondary 11,42-43,68,69 

Kumquat,  inoculations  with  Sphaeropsia  tumefaciens 44--47,50-51, 57-60, 66 

Lasiodiplodia  tulericola,  resemblance  to  Sphaeropaia  tumefaciens 19 

Lemon,  inoculations  with  Sphaeropsis  tumefaciens 44-48.50-51,62,65 

onfruit 67 

steamed  twigs,  behavior  of  Sphaeropsis  tumefaciens 31 

preparation 34 

Lime,  inoculations  with  Spbaeropeis  tumefaciens 39-47, 60-65 

strain  of  Sphaeropaia  tumefaciens,  origin .' 9, 17, 68 

wood,  cylinders,  steamed,  behavior  of  Sphaempns  tumefaci<^nB 30-31 

preparation 34 
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liquefactioD  of  gelatin  by  Sphaeropeia  tumefacieiia 2&-26, 69 

Litmus,  reduction  by  SpbaeropsLi  tumefaciena 33-34 

Longevity  of  Sphaeiopoa  tumefiirieDB 43, 69 

Hacaroni,  steamed,  tehavior  of  Spbaenipeie  tumefaciens 2S-29 

preparation ; 34 

Milk,  Lehavior  of  Sphaeropsia  tumefaciene 32-34 

Moisture,  effect  on  development  of  Sphaeropsia  tumefacienH 18^20 

tumoTB  caused  by  SphaernpEia  tumefaciens.  11 

Morphology  of  Sphaeropsis  tumefaciens 13-17 

Set  also  various  culture  media;  oi  Agar,  Com  meal.  Potato,  etc. 

Mycelium  of  Sphaeropeb  tumefacieus,  description 13-14 

in  buds  growing  from  knots 12 

intercellular  flpacea 12 

knots 12 

penetration  of  atcm  beyond  knoti 12, 

42-43, 53,  fiS 

tissues  invaded 12 

See  alto  various  culture  media;  as  Cotd  meal,  Potalj).  etc. 

Nonfniiting  orange  ftiain  of  Sphaeropsia  tumefaciene,  origin 14.  G9 

Nutrient  gelatin.     See  Gelatin,  nutrient. 

Orange,  inoculations  wilh  Sphseropsis  tumefaciens 43-44,  C2, 66 

steamed  rind,  behavior  of  Sphaeropeia  tumefaciens 29 

strain,  fruiting,  of  Sphaeropeis  tumefaciene,  origin 14, 19-20,  G9 

noafruiting,  of  Sphaeropeis  tumefaciens,  origin 14,69 

Farasitiam  of  Sphaeropeis  tumefaciens 9 

Parsnip,  steamed,  behavior  of  Sphaeropsis  tumefaciene 29 

Peptonized  beef  bouillon.    See  Bouillon,  beef. 

Pomelo,  inoculations  with  Sphaeropeis  tumefaciens 44-49, 54-.^9, 62, 65,  GS 

on  fruit 68 

Potato  agar.    See  Agar,  potato. 

cylinder?,  steamed,  behavior  ol  Sphaeropeis  tumefaiiene 26-27 

sweet,  cylinders,  steamed,  behavior  of  Sphaeropsi.<  tuiRcfacieus 30 

Preventive  methods.     See  Control. 
Prune  agar.    See  Agar,  prune. 

Prunes,  eCeamed,  behavior  ol  Sphaeropsis  tumefaciene.. 29 

Pruning,  method  of  eradication  of  Sphaeropsis  tumefacieai' 9, 10, 68 

Pseudotiaeue,  cushionlike  maaHen  in  cultures  of  Sphaeropsut  tumefaciene 17, 29-31 

Pycnidia  of  Sphaeropsis  tumefaciens,  det^-riplion 14-15 

occurrence  on  culture  media 19-21, 

24,27-30,32,33 

hosts 16, 

43,49,53,55-61,63-66 
raw  fruits  (apple,  lemon).   67-68 

on  com  meal 19-21 

'  potato-agar  plat&t 24 

steamed  potato 27 

Pycnosporea  of  Sphaeropsis  tumefaciens,  description 15 

germination 24 

inoculations 54-57,59-61,67,08 

See  alto  various  culture  media  and  Pycnidia. 
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F«ee. 

Baulin's  fluid,  behavior  of  SphaCTopeb  tumelacieiw 32 

preparation 36 

Saleify,  oylinderB,  behavior  of  Sphaeropais  tumefacieos 30 

Secondary  knots.    See  Kaote  caused  by  Sphaeropeis  tumefacientt,  Becondary. 
Septate  bodies,  brown.    See  Brown  septals  bodies. 

Silica  jelly,  behavior  of  Sphaeropeis  tumefaciena 25 

preparation 35 

Soil,  relation  to  attacks  of  Sphaeropsia  tumefaciena 10 

Spennagonia.    Su  Spennatia. 

Speimatia  of  SphaeropsiB  tumefaciena,  deacription 16 

occuirence  in  cultures 20, 24, 30, 32 

on  the  host 43, 57 

Sphaeropeia  turoefaciene,  colonies.    Ste  Colonies. 

cultural  characteriBties 17-34 

SudfioVariousculture  media;  asConi  meal,  Potato, 

field  observationa 9-10 

inoculations.    See  Inoculationa. 
infection.    See  Infection. 
isolation.    See  Isolation, 
longevity.    See  Longevity. 

loss  of  virulence 62 

morphology 13-17 

5«e  alio  Brown  septate  bodies,  Chlaraydo^porea,  My- 
celium, Pycnidia,  Pycnosporea.  Spennatia,  and 
Stroma. 

origin  of  fruiting  orange  Btrnin.-' 14, 19-20, 69 

lime  strain 9,17,68 

nonfniitii^  orange  atrain 14,69 

rcaemhlance  to  Laaiodiplodia  tubericola 19 

tissues  invaded 12 

See  also  Mycelium. 
Spores.     See  Chlamydoeporea  and  Pycnospores. 

Starch,  dia.-tasic  action  of  Sphaeropsis  tumefaciena 26 

Stroma,  occurrence  in  cultures  of  Sphaeropsis  tumetacien.i 15,17 

See  alto  Varioua  culture  media;  aa  Corn  meal.  Potato,  etc. 

variationa  in  color 18 

Summary  of  bulletin GS-69 

Susceptibility,  relation  to  age  of  tissues 10, 62 

Sweet  potato.    See  Potato,  sweet. 

Tangerine,  inoculations  with  Sphaeropsis  tumefaciena 50,51,62,66,68 

Temperature,  relationa  of  Sphaeropais  tumefaciens 11,36-39,69 

TisBues  invaded  by  Sphaeropaia  tumefaciena 12 

See  alto  Mycelium. 

Tomat"),  ateamed,  behaiiot  of  Sphaeropsis  tumefaciena 30 

Tumof!*,  Sphaeropsis,  girdling  and  growth «, ^11 

Turnip,  cylinders,  steamed,  behavior  of  Sphaeropaia  tumefaciena 30 

V^etable,  cylinders,  preparation 34 

Virulence  of  fungus.    See  Sphaeropsis  tumefaciena.  loss  of  Wrulenoe, 

Weather  conditiona,  relation  to  attacks  of  Sphaeropsis  tumefaciens 10 

Witches '-broonia  caused  by  Sphaeropsia  tumefaciens 11,43 
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